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The laportance of tpoxidts at industxUX chtmleal 
int«xm«dlat«ft i s attested by i%6 woxldwlie pxoductlefi 
capacity which was In excess of 0 bil l ion lb/year* Epoxides 
have shown a growing industrial importance, particularly 
in the polymer field* Simpler epoxides are manufactured 
by the air oxidation of unsaturated hydrocaxbonds over 
silver catalysts. More complex unsaturated substrates are 
converted to their epoxides by organic peroxides in general 
and by peroxyacetic acid in particular* 
However, many unsaturated hydrocarbons axe not 
amenable to epoxidation by either of these procedures and 
in these cases inorganic peracids are often especially 
effective. These inorganic oxidants are usually synthesized 
wi^ln the reaction nixture fxtm hydrogen peroxide and a 
sol«dl>le conpound of less common aetals such as w» Mo, and 
V etc. /Ih9 present work was carried out to elucidate the 
meehaniea of epoxidation of (^, jB -unsaturated aldehydes 
and acide by hydrogen peroxide in the presence of sodiua 
tungstate, sediun nolybdate and sodium orthovanadate 
catalysts. 
2 
/ i h t reaction rat« wat ineasur«cl as « function of cone en* 
tration of hydrogon ptxoxidt, $ut»strat«t, catalysts and 
hydrogsn lonsy^ In all tht expexlments th« oxidant concsn-
tzation was kept so low zelativs to those of substratss that 
ths latter remained essentially constant throughout* in any 
single run. Under these conditions rate does not vary with 
varying the concentration of hydrogen peroxide* I t thus 
indicates zero order dependence of rate an hydrogen peroxide 
concentration. Pseudo-zero order rate i s reported as ^nbs* 
The order of the reaction with respect to each unsatu-
rated compound was determined by varying the concentration 
of the unsaturated compound and observing the effect on the 
rato» keeping other variables l ike hydrogen peroxide,catalyst, 
pH and ionic strength unchanged. The quotients obtained by 
dividing ^ u^a >with unsaturated c<»apound concentration were 
constant. I t indicates that the order of the reaction with 
reference to substrate i s unity. 
/The dependence of rate cm l^e catalysts concentration 
was studied in the sane way. The substrates, hydrogen 
peroxide concentrations, pH and ionic strengtii were kept 
eenttant and the concentration of catalyst was varied. / 
Th« quotients thus ctotalntd by <iividln9 k^ |^ ^ with 
catalysts concsntrations wsza constant* I t indlcatts 
that tht osdtr of th« rtactlon with r«spact to catalyst 
i s unity. 
>^ha study of solvtnt and salt i f f act gives an 
insight into the nature of the transition state of the 
oxygen transfer from the peracid to the double bond of 
the substrate. Increase in ionic strength did not 
affect the rate. / The epoxidation rate decreased as the 
percentage of wdter in alcohol-water mixture decreased 
(dielectric constant lowered) but no linear relation 
between k . and dielectric constant could be noticed. 
The dependence of rate constant on the pH of the 
medium was studied likewise. The substrate* catalyst 
and hydrogen peroxide concentrations were kept constant 
and pH was varied maintaining t^e ionic strengtiti constant* 
In the case of sodium tungstate» the rate was naximua at 
about pK i and in the case of sodium molybdate the rate 
was maximum at about PH 4 but in the case of sodium 
ojrthovanadate rate increased continuously as |W was 
decreased. The concentration of HWO^  and HMeO^  vrere 
calculated by the pH metric titxatlen of sodium tungstate 
and sodium molybdate against hydrochlerie acid, ^WKT^J 
^ 
i s naximun around PH 4.7 and ^HMoO^^ i s MixionuM around 
pH 3*6. Th« pH dtp«nd«ncy of th« proctts indicatat that 
HWOC* HMoG^  and H^ VO^  are the epoxidizing species. The 
catalytic activit ies of these three are in the following 
order NagWO^ N^agMoO^ '^ NagVO^ . This may be a reflection 
of the greater stability of peroxyanion of tungstate since 
within the same group of periodic Table this increases 
with increasing atomic weight. 
The mechanisffls and rate laws which are consistant 
with the above finds nay be written as: 
(a) Sodium tungstate or sodium molybdate catalyzed 
epoxidations axe as-: 
HMO4 + H* ;:,:'f r^  H^O^ (2) 
HMOj + H^ Og ^*^^> HKO; • HjO (3) 
k 
unsaturated compound -t- HMO^  ; ~ £ t (intermediate coa^lex) 
(intermediate complex) —=—> epoxide -f HMO^  (5) 
3 
k»K;. ^ H*7^N*2'*°47ir"'***^****** co«pound 7 
•poxldation rat* • '^••* * ^  f j —^-—:," ^  „2' ' ' 
A • Kj^  ^ H V * K^KJ / - H V 
wher. k' -k3k^/(k^^^ k^) 
and M * W or Mo. 
(b) Sodium oxthovanadate catalyzed apoxldatlons ar« asi 
k-
unaatuxatai compound -f H~VO. :;;±5::^  (IntaxmaAiata coiBplex)*'-'^ (2) 
(inteitoediate complax) • T > epoxida • H«VO. — (3) 
k» K, ^H* 7/Na«VO^ 7/*un8aturatad compound 7 
•poxldaUon rata - *-=—= "^ -""" * 
i • K, / " H * 7 
whar. k» -kjkg/^^^^^^^^ 
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£poxicl«tiofi i s th« rtaetlon in whieh ethylsnie uns«tur«tien 
i t cofiv«rt«J directly to oxir«n« \rf ir««etion with peroxy «eid» 
eithec i>£«fozm«d os ^enexftted in situi 
y^ :sssz C \ • fCOgH ^ -C O • *iCOj^  
This reaction wae discovered about I90ii by the riutsian 
Chemist, Prilesehajewf'*^ "Oxirane group^ i s the official 
"Chestical Abstracts" name for the three mefsbered hete;cocyclie 
ring shown above. This group* however, ie frecjfuently called 
thd epoxide group (more precisely 1,2 epoxide or o< •epoxide)} 
tlAis prosBpting ^wem, in whose laboratory considezable 
fundamental work on this reacti<M) was conducted (luring forties 
to coin the universally accepted word* «epoxidetion" for ^ e 
process* (The tens "Oxido group" i s frequently found in the 
older literature)* 
The inportance of epoxides as industrial chemical 
intemediates Is attesteci by the 1966 worldwide production 
capacity which was in excess of 5 bi l l ion lb/year?* The 
major uses of epoxidised oi ls and esters are as plasticiaers* 
stabilisers for polyvinyl chloride resinsf^*'^^ lipoxidited 
o i l s and esters ere incorporated into polyvinyl chloride 
syst«BS to inprove f lexibi l i ty , e last ic i ty , touglP^nets, and 
4-T 
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iapazt ftUbllity to the nixtur* towards ho«t «nd light. 
Monomorle opoxy ostoxt aro offlciwit plastUizoxt and 
impart low ton^oxaturo f lexibi l i ty to polyvinyl ehlorido. 
Tho most ttxiking attsifauto of all epoxyastors, 
and tht main raatan fox thois wida industrial accaptanee, 
i s th« markad iiciijrovaroent thoy impart to tho light 
stability of plastieizad polyvinyl chlorido. Uma usoa 
for «$mxidit«d plasticizor«*fitabilis«rs and othox apoxidizod 
substancts ara oxptetad to incraast the dansand for thasa 
substances sharply, ^rociislng applications in the polymer 
field Ulkyds* polyesters* and epoxy resins) are among 
the more important developn.ent8* considerable activity in 
these fields occured betiveen 19:)0 and i9b0. t;;8iulsions of 
polyepoxides are reported to be of value as surface coatings 
and as additives for fabrics» pckpers* and leather to improve 
the shrink resistance, crease resistance, abrasion re^^istaoce, 
and wet strongthf^*^* 
ttpoxides are intemediates in the metaboliaa of 
axooietie hydrocarbon* , *" and accordingly »«y also be 
xeapentible for the oaztinogenic effect* of ••rtain aromatic 
hydro«*xbon*?^*^ The epoxy dicarboxylie a«i4 ahould be 
ef Mtential eoatt^ereial intereat because i t i* derived f roM 
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b«nitn« via low cost malcie «nhydrldt^ and btcauso i t 
can bt conv«rt«(i Into dlalkyl tin apoxy succinatea which 
art pl«&ticltts««tabili2«xt fox polyvinyl «hloxidt?^ 
aa wall aa into C7oa&«linkabl« epoxy containing fi ln 
foi^ng polyaiaidta. 
Organic «is wall a«^  inorganic paracide art among tht 
ijiportant 4HP0xidizing agents, n raagentwiao review i s 
praeentad below. 
U) i^ u.i'KfaetiZOlC ACIp;* Peroxybenxoic acid i s important 
for preparing oxiranea not only hiatoricdl reasons but 
also because of i t s ready availability and efficiency* In 
several cases c^iantitative yields of oxir^ i^nes are obtained 
and frequently i t i s well over 7^% , The reaction can be 
conducted in a wide variety of inert organic solvents, 
most eoniaonly benzene» chlorofom, methylene chloride,ethert 
dioxane» acetone and ethyl acetate. Heaction tiate i s 
frequently short* but i t stay vary considerably, depending 
OA the fiitai»er and nature of groups attached to the 
unsaturated linkag** Heaetien teisperature varies froM 0* 
te reoa tesiperature usually. The reagent i s especially 
useful f*r the laboratory epoxidatien of noii^velatile, water 
insoluble unsaturated oestpeunds that can not be satiafacterily 
4 
eonv«»t«di to th« exlx«n« by w«y of tho ehlosohydrlA os by 
•ntoxidatiofi. s^9m tabulatod tho compounds opoxidizod 
by poroxybonsolo add. 
U l ) M^ Q^PMQ^ l^fyHBVtfilC HilU «- aohmo^^*^ wao apparonUy 
tho f irst to show thot monopoxoxyphtholic acid U^A) i t 
(»]insuiaod by tho othylonic linkago« but Chakrdvorty and 
Levin^^ in 1942 woro tho f irst to isolate tho oxiranos. 
Sinco thon MPA hat had wido uso in the opoxldation of 
unsatuxatod cM8pounds» notably storols and othox poly cyclic 
coi^ >ounds, polyenes, and many natural products. £;poxidation 
w i ^ Ui'A i s conducted under the same general conditions 
and in the saoie solvents as with poroxybenxoic acid; 
Excellent yields of oxiranos oro uwally obtained* 
Mofioperoxyphthalie acid has two advantay^s over 
peroxyi*ensoic acid. First* when epoxidation requires a 
loot reaction tine, i t s 9reater stabil ity^^'^ i s an asset. 
$e«oiid» sinoo epoxidotion with MPA are often conducted in 
ohlorofoait in nAieli phthalio aoid (the reduetioii product 
of MPA) i s inoolttHU, phthalio aoid preoipitatet out and i s 
thut ufioble to eauso the unwanted ring oponinf coactiono. 
Tho epoxidation of unsaturated oo«poundo with 
phthalie anhydrido and hydrofon peroxide in boniofio at 
iBod«xat« t«np«r«tur«« (29-50®) (in situ 9«n«rati«n and 
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coniuaptioA of Vk'A) hat i>«en patented. Th« sam* pattnt 
also dateribtt tha uaa of tuecinle anhydzida* it2*cyelo-
haxanadicasboxylic acid anhydrido, and o< ,o< -dinethyl 
baniyl succinic anhydrida for in situ apoxidation. 
( i i i ) PeiOXY.C.„TIc /^IDi- i^eroxyacetic acid bus becona 
tha tmjst important apoxidation reagent during the last 
20 years for two main reasonsi first* i t s coRkrercial 
availability* low price* i^^ d ease of prsparation( second* 
the develofKrvent of mild* high speed reaction conditions 
for the prsi^ar^tion of a wide variety of oxiranes in high 
yield, ir'eroxyacetic acid has the adued «idvantages that 
i t can ba used in both aqueous and nonaqueous solvents*and 
in homogeneous and heterogeneous nedia* The or9anic 
solvents ^ a t are employed in epoxidations with peroxy* 
benteic acid are tiM eoramon ones. The solvents should 
however be inert under the reaction conditions and should be 
eaey to dispose off. 
Povoxyaeetie acid in acetic acid aolution woe then 
suootaafully applied^ to the apoxidation of a wide variety 
of loMg«eteain unsaturated ooMponnda (acida«a»fioostora* 
triflyceridos* alcohols). Swam* Billon* and Scanlan^^ 
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convtrt«d • strlet ol X-oIefins to th« corrtspondlng 
oxlsants In fair ylt ldt with dilut« Ubout IMl p«roxytfC«tiG 
acid in acetle «ieid solution. INi texminally unsaturated 
compounds hav« about 24 hrs. reaction tlmo* iriioroas non-
terminal» isolated double bonds need only 2*4 hrs. 
tlv) iiSiOiLY l^i^ JS-.'^ Jta «• *'eroxyfoinic add i s unstable 
e/en at low t«tmperatures and in concentrated form i t i s a 
hazardous comi>ound* ?or this rea6.i>n i t i s rarely isolated 
and i t s use as an epoxldlzing reagent has bebn exclusi</ely 
in situ. 
The in sltu^jeneration of for^aic acid* a rat>id process 
requiring no added acid catalysts! attains eciuilibrium in 
less than 1 hr. e^en with relatively dilute 1304 hydrogen 
peroxide. In situ oxidation with peroxyformic acid is» 
therefore, and attractive procedure both for laboratory and 
for large scale work since the active oxygen of hydrogen 
peroxide ean be rapidly transferred to oxidizable substrates. 
Fomlo acid» however* It a considerably stronger acid 
then etetic acid and eeusee evening of the oxirane ring at • 
g«i«li faster rate (Thit faeile ring opening reaction can be 
used to edventege in the preparation of l»2»gly<elt in 
exeellent yields fron olefins). Therefore* reaction conditione 
7 
fox in situ •poxidatiofi with p«roxyfoxnie acid mutt b« 
dttigntd to xtduco tho ring optning whilo taking into 
aocount tnt fact that oxiranos niay foxm ooxo rapidly* 
with • volution of laoxo ho^t in a shortor timo. 
Tho f irs t succossful epoxidation with poroxyformic 
acid wat roportod by syort and Hickin bottom '^^  who isolatod 
an oxirdno in low yiold from diisobutylono (2»4»4*triiaethyl* 
l-pontono). uiisobutyleno was an unfortunato choico as i t 
was not known to tho original investigators* that diiso-
butylono roaction i s an abnormal and a wholo ran^o of 
products i s obtiiiaodt of which tho oxirano i s a luinor one. 
#dso, r«kth«r laxgo voluotos of forodc acid wore omployed* a 
condition that i s not conducive to high-yield preparation. , 
of oxiranos. v.ith peroxybenioic acid» on tho othor^upto 
40A of the anticipated oxirane was obtained. 
The practicability of in situ epoxidation with per« 
oxyfomie acid was f irs t demonstrated by Niederhauser and 
Korolyt who used liaited aaeuntt of fomic ««id at the 
OKygen oerrier end* in SOMO eases* organio solvente at well 
te xedute ring opening. These invettigetore epoxidised 
•ethyl eleete* oe^ l oleete, propylene glyool dioleate* and 
soyabean o i l , and obtained fair yields of oxiranot. 
(v) PigftaXYTRIFLUORQ I^inc ACID <* Th« intredueUon of 
•n •ltetron*withdr«wln9 group Into tho o< •position of an 
Allphatlo p«soxy«eld ox into ^ e xing of «n «»omatie on* 
not only onhaneos tht olectrophilic charactox of the pox-
oxyacid but also pxovidoa a bottar leaving moleeulo in tha 
colloipae of tha tranbition stata. Tha xasult i s an anhancad 
rata of apoxidation* 
i\n axcallant illustration of tha aft act of such 
substitution on tha rata of apoxidation ia givan by paxoxy 
txifluoxoacatie acid, f ixst dascxibaa by uamont and Fexsia 
40 in 1953. <^aroxytxifluoxoacatie acid IG an extx^naly high 
Spaed oxidant and thaxaloxa has found tnost widespread use " 
v d ^ negittiva substitutad'^coapounda th^t undergo unusually 
slo«f apoxidation with tha uaual pexoxyacida (pexoxybenaoio, 
peroxyaeatia, and peroxymonoph^alie acida], 
Epaxidation with paroxytxifluoxoacatie acid must be 
conducted with particular care beeauae trifluoxoacetie acid, 
the reduftiofi pxoduct, ia a stronger aeid and readily reacts 
with the oxirane group. Therefore* i t i s not naeaasary to 
uae a buffer but the particular one ehosen ia ioiportant and 
piaye a daoinant role in certain caaea in deternining the 
yield of oxiranef^ Sodiu* carbonate and aodiuM bicarbonate, 
and diaodiiNi hydxogen phoaphate have been eaployed* Sodium 
f) 
eftxbonfttt and bleasbonat* «xt tatlsfactory buff«r» in 
•poxldationt ivh«r« • wtak paroxyacid raacts mora rapidly 
with tha unaaturatad compoutida than with tha buffar* 
uiaodiuB hydxogan phthalata id prafarrad for tha unsatu* 
ratad eompounda that apoxidixa alowly bacduaa thia buffar 
i^ abla to nautraliza tha trifluoroacatic acid at rapidly 
m i t ia formad without mtikin^ tha raaction mlxtura so 
basic th^t the paroxyacid i s da&troya4 befora i t ia 
consumad* Undar appropriate conditions* excellant yiaXd 
i ^90;^) of oxir^nas can of tan be obt< i^ned with tarfoinal 
aad non tarminal olefins and with those containing electron* 
withdrawing substituants attachea to the double bond. 
C vi) BfChloroperoxvbenioic Acidt- ©-chloroperoxybenioic 
acid, f irst prepared and characterized by Lynch and 
rausacker^ in X9&a, became commercially available in 1962?^*^ 
The coomercial product i s about dS% pure; the parent carboxylic 
acid* ai»chlorebensoic acid, i s the wain in^(>urity. A 99^ * pure 
peroxyacid can be readily obtained by washing the comfflercial 
grade with aqkieous phosphate butfesT' Technical data 
(phyaUal aad chemical propertiea» stability) and epoxidation 
proeeduiee are preaenteo in a bulletin. 
ii»eiilereperoxybenioic acid i s a stable peroxyacid, 
soluble in a variety of conuaen organic eel vents. The rate of 
]0 
«poxld«tlon of untaturat*d compounds with this ptroxyacld 
i t atvoral times that of p«»>xybonzoi6 acitr^* and i t of 
graat advantaga in some catat* atpacially whaza isomaci-
zatlons must ba avoided (for example, epoxidation of 
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**uewaz* bansane }. although m-chloxopai:oxybenzoic acid 
hat not received imich attention yet as an oxidisingi a^ent. 
the higher rate of epoxidation, eocunercial availabilityt 
and good stability suggest inoxe widespiread use of this 
peroxyacid for epoxidation and other oxidation reactions. 
Qi-Chloroperoxybenzoic acid was f irst used by Lynch 
and iPaueacker for the epoxidation of trans-stilbene.Glnce 
their inteze&t wat primarily in the kinetics and thextuo-
<fynamic parameters of epoxidation* they did not isolate the 
oxirane (a known eosn^ound). Similarly •Schwartz and 
aiumbergs showed that solvents they do not show hydrogen 
bonding with the peroxyacid give the highett epoxidation 
rates, chlorinated solvents*notably ehlorofoxm, methylene 
chloride, i,2»diehloroethane, and chlorinatea bensenes-are 
best. A large reduction in rate (hundred fold) i s experi-
enced when t-butyl alcohol i s the solvent. 
(vii) trJUlUftgtiftHYfefmffili MHl' P*nitroperoxybentoic acid, 
f irst reported by Medvedev and Blokh^ *^  in 1933 but characteri-
l id sosie ao years later by Overberger and Cunaiinst^ i s another 
sapid •poxldatlon rtagtnt. Tht nltiro group It strongly 
•l«ctroifwithdrawing group* and l t» tubetitution into tho 
ring of an aroiaatie p«rojtyaeid eubttaatially anhaneoa tho 
•loctrophilie eharactor of tho poroxyaci^* Tho p-nitro 
group i s moro offoetivo than chlorino; p-nitroperoxyb«nxoio 
^ i d i s 3 to 23 timoo taoro roactivo than p^roxybonaioic 
acid, •**** whoroas m-chloroporoxybonzoic ac^d i« only 
44 4ft 
slightly moro roactivo* ' This jroatly enhanced reactivity, 
coupled with outstanding stabil ity, ' often makes p-nitro-
peroxybenzoie acid the reagent of choice for olefins that 
epoxidize tlov.'ly* Furthermore, the low solubility of 
p-nitrobenxoic acid, the reduction product, effectively 
removes i t from the reaction mediun, thus minimizing oxirune 
ring opening. The high reactivity and low solubility of 
p*nitroperoxybenxoic acid, however, limit the choice of 
solvent that can be used for oxidations. The solvents of 
choice are chlorofora, ether, etherochloroform, and tetra-
hydxofuran. /vromatie solvents should generally be avoided, 
espeeielly those containing eleetron*donating grou|i«» «• 
they undergo facile ring attack?^ 
44 
Lyneh and pausacker were the f i r s t to use p*nitro* 
perexybensoio acid in epoxidation studies (kinetios}, but 
they did not isolate the oxiranes. vilkas"^ not only coa«>orod 
Ui 
th« rat«f of •poxldation of unsaturated coffpound* with 
p*nitrop«xoxybtnsolc And ptroxybensoie acldt but h« was 
alto tha f irs t to laolata tha oxiranaa in MVXAI caaas. 
with organic paraeidt» o< ^  p -unsaturatad aldahydas, 
katonas* aeida» and astara raact axtrasualy slowly as 
axpactod?^ I^ or thasa substratas hydrogan peroxida i s a 
battar choica. Soma of tha aavantagas of hydrogen paroxida 
in coiamarcl^l apoxiddtion ara tha followlngs» 
(a 
(b 
(c 
(d 
( • 
(f 
(9 
(h 
i i 
(J 
High raaction off iciancy 
High yialds* 
High raaction specificity. 
iiasy product i»ol«tion 
Minifliun byproducts. 
Stoichiometric u&a of peroxide. 
'Oisance of metallic or inorganic contamination 
/^plication to aqueoua and non aqueoua ay sterna. 
/^plication to hcMDogeneoua and heterogeneoua systetss. 
nacovesy of organic acids for reuse i f desired. 
Hydrogen peroxide nay act either as an oxidising agent 
•r aa a replacing agent* In both acid end basic solutione i t 
J 3 
i t « powtvful oxidising «g«nt (b«tt«r than iodat«» hypo-
bjTonitc* or I«ad dioxidt)* Xt« reducing action i» gvnoxally 
confined to acid solution in twhich i t ie a elijhtly bottor 
roducor than ironCZX) but not qaita GO good as iodida. Tha 
oxygan«oxygen singlo bond i s one of tha waakest covalant 
bonds ''.n'ywnt i t i s easily broken or alternatively converted 
into the more stable oxygen molecule (whose bond i s suitable 
described as « **one-and-two halves** bond). 
The oxidation «ind reduction potentials of hydrogen 
peroxide are &uch that i t should be able to oxidize i t se l f , 
that i s , i t i s "thermodynaniically unstable^ (However*oxidation 
poteitials te l l us nothing about the speed of reactions> i^ nd 
unstable situations can survive for years If the systems 
are not twapered with)* The proces» of self oxidation 
(s<Nae tisMis Galled disproportlonation or dimutation) i s 
coBsnon in inorganic chemistry* especially among the less 
usual transition elementss i t i s notable in the case of 
hydrogen peroxide because of the longevity of the unstable 
species. Hydrogen peroxide reduces substances which readily 
give mp oxygen, such as potassiua peroianganate and bleachinn 
powder. Conpounds of noble metals are B^ SO reduced by 
hydrogen peroxide, thus i t deposits gold from gold salt 
solutions, reduces silver oxide to silver, and oiercuxy oxide 
to mercuxy. 
i'> 
Th« ehtmleal reactions with hycUrog«n p«roxidt fal l 
into fivt typ«ti 
X, Tht hy<iro9«n poroxidt i t dtcomposcd and tha saeond 
eotnpound i t raduead* for axampla* with parmanyanata 
both substances ax% si .ultanaoysly reducad* and tha 
resulting oxygan eoffias from bo^ tha parcianganata and 
tha paroxida, 
2. Tha hydrogen paroxida i s decomposed and the second 
c(%npound i s oxidized by tha oxyjen derived £r©« the 
peroxide* a& vt^s the c«»e with ozoae. i^ ulphur dioxide, 
for instdncOt change into sulphuric acid etc* 
3« C@rtain acids fozra special adaition products with the 
hydrojen peroxide, thus sulphuric acid <aives per* 
sulphuric acidi skolybdic acid ?•* molybdic acid* and 
chroaiie acid perchromic acid etc, 
4» Certain bases nay react by double deconposltion 
whexiriby the one part of ^ e hydrogen of the peroxide 
i s replaeed by a metal. In this eaae the hydrogen 
peroxide has the character of an acid. 
% Hydrogen peroxide unites sdth many organic and inroganie 
salts such in the way of water of crystallisation, and i t 
la then called hydrogen peroxide of crystallixation,e.g«• 
j o 
SoluUont of hyd709«n p«xoxldt m not vtxy stablt 
and r««dily dftcompos* into oxy^n and wfttssi 
"2^2 " ^2^ • ^ O2 4 23.47 Keals. Similar i s th« oasa with 
anhydrous paroxicto. Subatancat darivad froir living organism, 
and eharactarisad by a spacifie action in dacoiapo&ing of 
hydrogan paroxida ara callad eatalasas. Such catalasas ara 
fmind* for axampla, in blood and in mucous manribrana. Tha 
catalasas balong to a class of so-catlad farmants or anzymas, 
Thara ara ratter unstabla compounds, occurring only in 
tninimal coneantration* play in organisms a rola »iuilar to 
that of catalysts in tha rast of ct^mistxy. In addition to 
cttalase thara i s anothar fanaants paroxidasa, nMch acts 
specifically with hydrogen paroxida. This has thtt property 
of activating of hydrogen peroxide* so that in the presence 
of oxidixable materials i t gives up one oxygen ato« to the 
later. In the absence of such oxidixable substances hydrogen 
peroxide i s not decomposed by pezoxidase. 
Dakifi*^ studied the oxidation of the anmoniuis salts 
of saturated fatty aeids with hydrogen peroxide. The aeheme 
of oxidation iss 
CM j^COOH - > CH^O • COj + H^ Oj CH^O 
CH^OOH • » HCOOi — » cOj • H^a Lower aeids are »ore 
readily exidisad* beeauae fatty aeida and aldehydes are fomed 
fi 
slmuluntoutly Iri le«er acldtt Kupp t t il* xeporttd that 
In th« prtsane* of small quantities of an Fa salt NaHCO^  
staets with hydrogan paroxldc to foxn formle add and HCKO 
with avalutioA of gas. Halnax^ invastlgatad tha kinetics 
of tha xaacUon UK^CHQ + H^ Og ^ CH^QH • HjO. 
a^rnx 8t air carxiad out the oxidation of unsaturatad 
fatty acids with hydrogen paroxldt and with paroxybenxoic 
acid* tinolenic acid vdth hydrojen i^ axoxida ylalds pxockicts 
closaly resaisbling tho;>e obtained by alar oxidation* but 
tsdth paroxybanzoic acid i t reacts with hydrogen peroxide 
witli a disappearance of al l double bonds and a decrease in 
i t s l*m. The ethyl ester of linolenlc acid reacts with 
hydrogen peroxide only in the presence of perbensoic acid. 
n study of the oxidation of some dicarboxylic acida by 
hydrogen peroxide in the presence of certain eatalysta was 
carried out by Walton at al. Hatcher et al. studied 
oxidation of SOBM dibasic adds , aalonle, tartaric,succinic 
and sal ic acids with hydrogen peroxide. The ratea of 
reaetiofi indicate the ceaparability of saturated aaids having 
the aasM nusiber of earbon ateoie* the constancy of none* 
hydroxy!lietion in i t s velocity influence and the diverse 
effacte of H^  The aodt of oxidation suggests in each case 
J? 
a eoaplAx through which <to«oBipotitiofi occurs. Th« •!f«cts 
of g«an«trlc«l isoiMritm and •thyl«nic linkag* art wall 
narkad* I t ia condudad that oxidizability la dua to two 
or mora of tha following thraa faetorai 
Suaeaptlblllty to oxidation of tha ozganle compound, 
raactlvlty of hydrogan paroxlda to tha kind of atructura 
praaantaa to i t and ionic condition of tha madlua, 
(v i l l ) Hlkallna Hydrogan ^aroxlda«Nltrllas(t*aroxvcctrboxlmldlc 
Aclda) j * Tha raactlon of nltrilea with alkalina 
hydrogvn paroxlda i s an afflclent, high apa&d raactlon for 
praparlng ih9 carxaspondlng auldas in axceXXant yields. 
Thla raactlon waa dlacovarad in about ianA and la somatifflaa 
59 X9f9xx%d to as tha aadaltzawskl raactlon. 
Although tha raactlon haa baan wldaly uaadi i t s 
••chaniaiR and ataichloaatry wara not known until 1953» whan 
wlbarg^ daaonatratad that tha rata of tha raactlon of 
banianltrila with alkallna hydrogan paroxltfa ahowad a f lrat 
axda« dapaiidanaa on tha aonaantratlon of nltrl la , hydrogan 
paroxlda, and tha hydraxy Ion. Purthar bansonltrlla oxlda 
waa ahawn not ta ba an Intamadlata, and fran oxygan-lS 
atudlaa i t waa da«onatratad that tha oxygon Intraducad into 
tha nltrila aaita fraai tht hydrogan paroxlda and not froM watar 
• j ^ 
or th« liydxoxy ion. £l«ctzon»wlthdr«wiiig gxoupt in tht 
aromatic ring e«ut«d • marktd rate •nhancamant, a raault 
obstrvad In othar nuelaophllie raaetiona on tha carbon 
aton of tha nitrila group. Tha stolchlomatry of tha 
raaction waa ahown to ba as followaj 
0 
Proia thata raaulto ulharg concXudad that ^ a first 
8tap in the reaction la aduition of tha hydroperoxide anion 
^H«JD to the nitrile group, followed by a f^ tst reaction of 
tha addition produott the highly reactive peroxycarboximidic 
acid, «dth a second molecule of hydrogen peroxide* thus 
accounting for the products and atoiehioaetry aa followa: 
H . C ; N . H 0 ; " * * ^ " ^ " ^ " ? > R - C - N 
I 
O • OH 
A»C • N • H * OH 
I 
0 • OH 
H2O 
fast 
R-C • N-H ^ ^ li - C • NHa * O^^H^O 
\ — . • • • i i l i l i l I. •;» 
0 • OH 0 
i.9 
^^•roxycarboxlraidie aeldt hav* not been ieolattdt 
thty az« untt«bl«» highly reactiv* ifit«rmediat«ft and* as 
alxtady thown, oxldiza hydrogen «3«roxid«. i'aynt* Darning 
and Villlians^'^*^^ hava ehown» ho«Mivax, that i f a mora 
affactlva raducing agant» such as an olefin, i s presantaU 
in thB sytt«ii» raactlon of paroxycariaoximidic acida with 
hydroyan paroxida i s largely aliminatad ( l i t t l e or no 
oxygen i s avolvad) and the olefin i s apoxidlKed instead^ 
NH 0 
0 
By operating in this way only one mole of hydrogen 
peroxide i s eonsuaed per nole of the olefinlc compound and 
the overall stoichiometry becomes as follows! 
) G ZZSZ C<^ • H - C - N • HjjOj 
OH 
C — c : • H • C - NH, • H^ O 
\ / ^ ^ 
0 
Since the rate detersiining step in this reaction i s 
the additian of the hydroperoxide anion to the n i u i l e . 
9n 
dlff«rtntly tubttltutcd oXtfins. such at i*htxtn« and 
2»ii«thyl«2*buUn«t •poxldltt at tha sama rata. Thia la In 
contxaat to tha zataa of tha saactlon of athylanlc eosipoiinda 
with pasoxyacida* which i t highly depandant on tha dagarae of 
subatitution at tha doubla bond. 
o< • 1^  •unaaturatad nitrilaa axa not apoxidizad by 
organic paroxy<icida owing to tha rata-diminiahing affact 
of tha alaetron*withdrawing nitrila group* Tha alkalina 
hydrogan paroxida ayatam just daecribad* howavari ia wall 
suitad to tha apoxldation of thasa nitrilast as tha nitri la 
group in tha molaeula to ba oxidized aarvea aa tha oxygon 
carriar without requiring additional nitri la to b^ added. 
Tha apoxidation i s intramolecularf tha doubla ia converted 
to the oxirane and the nitr i le group to the amideT'" 
Perh^a tha moat striking example of *n intramolecular 
apoxidation of an c< • P> • unsaturated ni tr i le i s the 
preparation of glycidanide, a novel epoxyamide• in 6 -^70% 
yield froM acrylonitrile with m equi»olar quantity of 
63 
hydroffen peroxide. The reaction proeeeda via the intra-
aalofular rearrangement of the noniaolable peroxyacrylimidic 
Mid» aa fellowai 
PH 7-7.» 
I 
21 
L 
7 
0 
0 
CH 
C - N - H • ^ H^C — CH - G • NH^ 
^ \ / 1  ^ 
0^ 0 
Thtt double bond in pejcoxyacryllmidic <*cld, no longo? 
strongly polariztd by th« •lectron-withdxawing nltri lo 
^oupt ivould bo oxpoetod to be more xoceptive to electro-
phlllc atteck than the double bond of acrylonltrlle, 
especially if the attack were Intraatolocular. 

z ') 
Oxidatiofi by hydxogtn ^•iroxid* «t ordinary twiparaturas 
ar« 9«n«rally slow in tht absanca of a catalyst* Tha uhaniatry 
of matal»ion*cataly2ad raactiont of hydirogm paroxida coimnanead 
6b«>69 
at tha and of tha last cantury» whan Fanton dascribad tha 
raaotion of tartaric acid with hydrogan paroxida in tha 
presvnea of farxous sulphata. Shortly after this discovary* 
iiwff ^ r«portad a modifi«d procadura with farxic salts* 
This procadura has bavn particularly useful in carbohydrata 
chemistry. Durin9 the next decades a lar^e nundjar of 
ccKnimjnications ap^ a^ared dealing with the renton reaction and 
tha Huff degradation. However, i t was not until 1933 that 
7A*7i4 
(^bar «nd Weiss ^ proposed a plausible free»r«tdical mechanisai 
for the Fenton reaction« 
MjOj • Fe^* > m • Fe^ •»• HOT 
In the absence of organic aubstrates the hydroxyl 
radical undargaes the following series of reactions; 
HO* • Ft^* ^ |r«3* • -OH 
HOT • HjOji ^ HjO • HO^ 
HQIt • HjO^ > HOT • HjO * 0^ 
HO^ • HjO ^ H30*+ 0 ^ 
o | • Hj^Oj - ' ' • > *0H • HO* • O j 
zi 
During th« following y*«rt tht chemistxy of tht mttal-
lon*e«talytod docompositlon of hydzogtn ptaroxido roeolvod 
inexoaiing atttntion* partly bocause of various biological 
implicationt' *^*^  9^^^ partly becauso of tholr isiportanoa as 
initiators in polymoriration procassss. * 
Oxidation of v#ri(His organic coiapounds by F«nton*s 
raagent vNira carried out by Mors and '/;aters. ' Thsy 
r@port«d two typas of oxidt^tion (i} chain oxidation ( i i ) 
Non-Chain oxidation, ^erx and t^atars also obsorvad tha 
retarding action of soma co:i4p<»jnds» such as «»cetone and 
acetic acid* in the (B radical oxidation. This i s attributed 
to radical transfer itaj. the formation of a radical with 
less oxidiaiing power. The same phenomena were studied 
&iiaultaneously''Kolthoff and Madalia?^'^^ 
The kinetics of the oxidation of lactic acid by 
hydrogen peroxide catalysed by iron(ll) ions was studied 
by Bakore and Co-workers;' The concentration of HGlQu used 
in all experintnts was>0.1N« which was sufficient to 
pvovont tht hydxolysis of Fed I) loos. The rate of deconpo* 
sittoii 9t hydroffen peroxide was piopovtioMl to the 
eoneentration of Fe(XX} ions and also to the conoentration 
of laotie aeid* but independefit of the concentration of 
hydrogen peroxide. The rato was invtrsely proportional to 
z'i 
tht conc«ntf«tion of H .^ A B«ch«niin contitttnt with th«s« 
obttrvationt i t • • followst 
• OH FO^* • HjOg ^ FoOH *^ 
Fo^* • 'OH 2 - ^ FoCW *^ 
•OH • i * 2 - ^ H* • HgO 
k 
-^ * *^  "2^2 ^ HOH • *0H 
—L^ 
_ii^  
JH^ 
J^ 
• ^ 
JVt^ 
s 
" " ^ ' > 
•UH • H2O2 2 ^ HO2 • H^ O 
HOj •^  F«^* ^ Fo^* • hQ* 
(riH represont th« substrate lactic acid) 
In i94d Pfitsanox' and ^arkol disclosed in a barman 
Patent^ a xeoaxkable hydroxylation reaction of <xo dyes?**'* 
This reaction i s sometimes called oxidative coppering. Since 
this disclosure in • number of publieatioAs, "^ ^^  including 
a review article has appeared on this reaction. 
This reaction oMikes possible the conversion of many 
0»hydxoxyaio and O^aninaso con^eunde into 0»0 •dihydroxyaxo 
or 0»aaiifio*0 -hydxoxyaso eonpeunds» by using a mixture of 
aqueous hydrogen peroxide and copper acetate at a0-7d^ and 
4! .3 
m 4»>t ,0?^'^»^^ Othti oxidising «g«ni«- tueh at sodiua 
p«roicydisulphat«« sodium pozboxataf mid todiuii paroxida ot 
oxygan iaix) and eoppair powdax"* aira also 8uitai>la; 
Mugdan and Young"^^ atudiad tha eatalytio hydxoxylation 
of unsaturataa ooi^ ;>ounda. catalysts fox tha direct addition 
of hydzogan paxoxida to athylanic coe^ounds to giva glycols 
(hydx^xylation) v<«xa xa^ortad. osQ^ functions wall as 
c^taly%t and ,;o^ i s anothax officiant catalystt although i t 
i t naeassaxy to cax^v out tha xaaction at ;JO»70^C to obtain 
a xaasanabla x i^ta. moQ^  and Ueo^ ^xa x«jithax las& afliciant 
and Cx^ O* and ^2% **^® ^^^ uasatisfactory as tUay pxotsota 
lass dasix«>ibla slda xaactions. TiOj and "^^2% '^^* ^ slight 
catalytic activity. Fa^* salts also catalyxo tha fozmation 
of soRia gtyeaxols. i^atalysis )»y 0^0^ xasults in addition 
of 2<3H gxottps In t^a cis-dlxaction whaxaaa V^'O^* ^ 2 ^ ^"^ SaOj 
catalysa addition in tha txana*dixaetion. I t ia thua 
eoneludad that eatalytio hydxoxylation ia hataxolytic* 
Shaiig ^04 ^daiaeak studiad tha apoxidatian of olaf ins 
with oxgania hydxvpaxoxidas in tha pxasanca of ^^Uot^ 
catalyst and «ap«rtad axaallant yialds* Mxapylana, eis*and 
txaaa»a*biitaiia, a»aiathyKa»paAtafia«eyelohaxana, i»oGtana« and 
2*«atana ivaxa studiad using hydxopaxoxidaa of axonatia and 
> 'i 
«Ilph«tlc hydrocarbon*, tto eonpoands *T* tho most actlv* 
catalytti* Th« rvwction 1« fsetor at hlijhes t«mp«ratur«8 
and with a greatar numbtr of substitution of tlactron 
donating groups around tha doubla bond. Tha eonvarslon 
dnd e^oxida ylalds ara highar, in general, as the polarity 
of th«» solvant (iacraases. lUcMtic data ^iex« obtainad for 
tha sy&tani tart-auOOH, ^ haxacarbonyl* and both 1-octana 
and 2»octana. Thasa data eu^^ast that the reaction i s 
f i rs t ordiar in paroxida* in olefins and in uo haxac««rbonyl. 
Masuo, Fujio at al. studied the catalytic affect of 
several (ucidas of metal of group V and VI on the hydroperoxide 
epoxidetion of olefins. MoO» was the aK>6t selective 
catalyst for the epoxidation of octene when cumene hydro-
peroxide or tert au JOK was used. V. oxide showed only a poor 
selectivity and tl^ 'e oxides of ^I, rti>, Se and Cr etc.* were 
almost without effect, results of kinetic studies on the 
MoO^  catalyzed epoxidation of ! • octane and cydohexene 
with hydroperoxide indicated that the reaction rate was 
proportional to the concentration of olefin and hydroperoxide. 
The effect of the amount of the catalyst was rather conplieated. 
The epoxidatlen proceeded via preliailnary fometion of 
ceaplaxea between the hydrepesoxide and catalyst. The atructure 
of the interaediate coetplex and the solvation of hydroperoxide 
were else discussed. 
z7 
Ssinmdv «nd I*«b«dtv ttudi^d tht •poxidation of 
ol«fi<it with hydro9«n porexidt in tht pxesenc* of iv 
coiiN;>ounds« Tho «ctiv« prineiplo i s tho anion HWO^  acting 
46 tho oxygm caxxior. Tho olofin rsactivity incx«as«t 
with •loctron donaity at tha doubla bond and tha Taft 
acMation constant in tha xaaetion i s -0.44. Tha aquation 
ta l i s about th« pxobabla intaxmadiata cy, tsansition atatas 
in the xaaetion of a typieal alkana. Solvvnts uaad in tha 
syetam did not affect tha xaaetion in any way that could 
be attxibutad to dialoctxic constants of b^aicitiaa of 
these solvents. 
The kinetics of a novel method of epoxidation of allyl 
109 
alcohol to glycidol was studied by Haciazawaki. I t follows 
the kinetica of 2 consecutive psaudoolst oxdex xeactions, 
d Loj /d t • k l^AA] -kg t<*l • The coefficients k^^ and kg 
wexe calculated by the time xatio method and the effect of 
sevexal xeactien vaxiablas on both coefficienta wexe studied. 
The respective enexgies of activation axe id and 19 Kcal./aole* 
aeth ceaf ficienta axe pxopextienal to the concentxation of 
H^WO^  and incxeaae with decxeaaing pH of the xeaction mediua, 
although not in a unifoxia faahian. The oMOhaniaaia axe 
considexe4. Xn a xeaction siailax to the Sn 2* substitution 
2-
in th« al lyl le tyttttffis, «Ht HWi^ ion, which i s produced 
£«pidly ixom H^^t oxidiz«t •Hyl alcohol. 
St«vttns «nd Kaaan'^ ^ studiod tho opoxidation of 
primary <ind saconddry allyi alcohols by hydrogan paroxida 
in tha prasanca of tungstic acid* I t a.jpoars to involva 
tha fosaation of a partungstata astar followad by a rata 
dataxmining raarrangenisnt* aasad on substituants* solvent 
and salt affects, tha mechanisn) of tha apoxidation step i s 
baliavad concerted with considerable polar Ceiectrophilie) 
character. 
Howe and Hiatt hiive carried out a kinetic study of 
the epoxidation of styrene and some substituted styrenes by 
tert-butyl hydroperoxides in the i^resence of raolybdenum 
naphthenate. In bensene solution the reaction i s f irs t order 
in paxoxide (in the range 0.l-O.3M), in alkene (0.2-O,4M}, 
and in catalyst (O.O»4.S0xlO*^9*a«B. of Me Kq"^), The rates 
for the substituted styrenes show conaidarable aeatter for 
atteMpted cerrelatiMia with various f««a eoasgy relationshipst 
a fCj^9t givaa f » •1*4 jt 0.# (9ijK ••Afidanee 
Itval). Thus the rate detexniniiig atap praauMbly involves 
•lf«tr«phili« attack upon the alkene. with atyrena aa 
salvant tha reaction ia f i r s t order in hydroperoxide but 
displays no sinple dependence on aolybdemHs concentration. 
X") 
Th« «pp«x«nt ttxder in cdUlyst d«cz«as«t as i t s coocentxatiofi 
i t incr«asod in a mann«r whioh* though not fully undtrstood, 
su99tst« •Ither some fozia of special coaplexing ox lack of 
true solubility in the mediuou 
The concept of heterogeneous catalysis by oxganometallic 
polymex i s presented by Allan and Meogif • These naicro-
molecules are insoluble and contain as an integral part 
moieties normally organised as soluble catalysts. The 
ut i l i ty of such systems Is discussed and demonstrated by a 
comparison of the efficiency of an insoluble and soluble 
tungsten catalyst 1A the epoxidation of maleic acid and with 
hydrogen peroxide. A pseuodo honK>geneous rate equation i s 
proposed for this new type of catalysis and the reaction rote 
constants and the kinetics are established in tezms of a 
diffution-controlled cattlyst lined pore model. 

All th« toiutient w«r« prepared in double disti l led 
«r«ter« Cxotenaldehyde, erotonlCt malele, fuaerie and 
eitraeonic aeidtt sodiun tungttate, sodium nolybdate and 
•odium orthovanadate were (B.D.H.) no«9eat ^rade* Solutions 
of oc,^•unsaturated acids and of catalysts-sodium tungstate* 
sodium loolybdate and sodium vanadate were prepared by 
weighing in double disti l led water* Hydrogen peroxide used 
in this investigation was of (B.u.H) nnalar, rresh solution 
of hydrogen peroxide was prepared for each series of 
experiments and was standardised by potassium pextaan^anate 
solution* The unsaturated compounds- aaleic acld» fumaric 
acidt crotonic acid, and cratonoldeh^de solutions were 
standardixed using bromate*bromioe procedure s^ich i s as 
followst A calculated excess (10 to Xb^ j) of O.lN bromate-
bromide solution (about 2S ml) was zun from a burette into 
a 300 ml conical flask having a ground glass stopper 
bearing • sealed in stop cook (The f irst analysis was only 
approKimato and was carried out with a large excess of 
bromat* bremido oolution. From this preliminary result 
the desired exoess wae ealeulated. Poll#wing the evacuation 
•f tho flaak by means of a water aspirator* 9 ml of bN 
evlpbysio acid was added and the flask was allosred to stand 
2 to 3 tninuttt whil* bromlnt was bting llbtrat«d. 15 ml 
of 0*2N m«z6urie eulphat* and th« solution to bo analysed* 
which had about 2 mllllaqulvalants of unsaturation In 
Id ml of CCl^  woro addad naxt. aftar tha flask, wrappad 
In a black cloth, was shakan for about 7 mlnutta, 15 ml 
of 2N Nacl and It) ml of 20^ ^ of la were ad^ad In succasslon 
and tha shaking was contlmiad for half a mlnuta. Tha vaccum 
was brokan and tha titration mada with 0.05N m^J^z ^^^^^ 
starch, H blank without th<« sampla and with ona*thlrd of 
the auount of bromat6«>brotslda solution usad in the an<ilysis, 
was run at the smMi time, and under the same conditions* 
The ionic strength of the reaction mixture was 
maintained by the addition of sodium perchlorate. The pH 
in the epoxidation of <^» j^^unsa^rated acids • maleic, 
fuaaric, crotonic and citraconic acids were maintained by 
the a<kiition of trie^anolanine but In ease of erotonaldehyde, 
the pH wes maintained by the addition of perchloric add. In 
kinetic rune* the concentvation of hydrogen peroxide wae 
measured colorimetricelly« 
iMStS$iliSM}* Al^iou^ the order of ^ e mixing did not have 
any influence on the reaction rate, the reactents were 
always mixed in the order! water (to make up the volyme to 
'•t') 
100 ml \ tubttrat** txl«thanol«raln« or p«rehlorlc acid 
aad finally tha hydxegan paroxida. Tha pyxax flatte 
eontalniftg tha abova raaction mixtuxa and a tatt-tuba 
containing MA^O catalyst solution ^tmf kapt iRinaxsad In 
a thazmofttatlo bath. With occasional shaking both tha 
solutions attalaad tha ttnaiJaratuxa of tha bath within 
i^ mlnutas. 
ftftax bringing tha xaactanta to tha thaxtnostat 
tampaxatuxt* tha xaactltm was staxtad by the ad^^ltlon of 
tha catalyst* The klnatlca wexa followad by axaudnlng 
d nl aliquot portions of xaactlon mixtuxa for hydxogen 
paxoxlda* Tha allquots waxa addad to tast tubes containing 
5 nl titanium sulphata"^ solution to stop tha raaction. 
Optical danslty was maasuxad by 3ausch and Lonb Spsctronlc 20* 
at 420 n^ » and tha concantxatlon of hydxogen paxoxlda waa 
xaad fxoRi tha callbxatlon gxaph. Tha catalyst concantxatlon 
waa t«o anall to affact tha coloxliaatxlc astlmatlon of 
h)fdxogan ptxoxldt* 
t*yifPfyf%l9ft ^i \hf Ti^ ^nt^ w SM^f^^t s»iMtt»ffi«-
Tha tltanluM avlphata solutian waa pxapaxad by txaatlng 
ona gvaai of tltanlu* dlaxlda with 100 ail eoncantxatad aulphuxle 
aald fot 30 hauta at about ISO^ C and flltaxad off tha 
o ;3 
undlttolv«d Mt«rl«l and nad* i t to ont l l tra by doublt 
d is t i l l ad wat«7}« 
Xn oxd«s to eh«ek th« dapandtnct of xaaction on 
«tmo»ph«x«, two identical raaetion mixturat waza atudiad* 
by bubbling oxygen through tha f irst and nltxogan through 
tha saeond* <iata constants wara almost tha sama in both 
tha casaa* Iharaforat no cara was takan to maintain inart 
atmosphax« and tha reaction iiaa studied in open vassals. 
The presence of trans^apoxysuccinic acid, cis*epoxy-
succinic acid. X,g»apoxylnityraldehyde, and 2^^-epoxybutyric 
acid were confinned by Jungnickel, et air method. Instead 
of methanolic sodium hydroxide* an aqueous solution was 
used for titration. Tartaric acid was detectad'^ '^ ^ in the 
reaction mixture of malaic and fuaarie acids* whose pH waa 
lower than 4. The form of tartaric acid was confirmed by 
using BuaHHan ehromategraphic methodr^ The procedure ia 
daacrilbad belowt 
^•p9t ahraaiat^grapliy waa «arriad out with a descending 
aalvent aa taaommended by Canaden, oardan and Martinf^ 
Piirifi«d aolvanta wara aB«>loyad thr«ighaut. ihatman No. 1 
f i l ta t paper waa cut into lOxaO cma ahaeta and spot of 
solutions obXaiMid by fumsrle acid reaction raixtuxo and 
fflsltic acid reaction mixture wexo appliod in the usual 
manner. The solvent (water» n-butanol-acetic acid and 
concentrated hcl in the ratio 25j2diSil by volume) nvas 
added to the boat of the Shendon apparatus after condition* 
ing of the paper. Rhen the solvent had descended to an 
adequate extent* i t was taken out* and dried for 5 minutes 
at iXi^C to rsmove the solvent. A thin spray of 2;^  sodium* 
meta»periodate was applied, and the oxidation was allowed 
to proceed Cor 7 tainutes at 60^c, in an atmosphere of 
nitrogen* Sulphur dioxide was passed on l^e paper until al l 
of the liberated iodine «^s consumed and the pi^er was 
finally sprayed with Schiff *s reagent. Coloured aones 
usually appeared in three hours, lif values were not found 
to be reproducible»but the Rf of maleic acid product was 
always less than that of fumaric acid product. i%ccerding 
to auahanan a | value of dl*form i s higher than that of meso 
foiM. Therefore, i t was inferred from this test that awleic 
•• id gave meso form, while fumarie acid gave dl-form of 
tAvtsric acid* AS Hf values wero not reptoduelble sedium* 
••tavenadate test was made to confirm the form of tartaric 
atid in the reaction mixture. Sodium-s^tavanadate gives a 
s«d compltx with dl foxn and do«» not r«act with ra«to 
foiim of tart«zi6 «cl<l. Tho t t s t procodura adoptod la 
glvan baloiir 
Two reaction mixturea ona with malaic and other 
with fumarie acida were preparei as described above and 
the reactions were started by adcdng suitable amount of 
the catalyst. >%£ter Id minutes of interval* 2 ml aliquot* 
were taken out «(nd added to test tubes containing sodium 
metavanddate solution s^ich on standing gave a red colour 
w i ^ the fumaric acid reaction mixture artd no colour change 
was noticed with maleic acid product* 
Kinttles i&nd »4«ch«nitffi of th« bpoxidktiort of croton-
dld«hyd«» Punarie Acid, . Crotonlc ^ i d and Cltraconlc 
t\6id by Hydrogen Peroxide in the tresence of aodlum 
Tungstate. 
Kln«tic« of th« apoxidatiofi of Crotonaldehyd* by 
Hydrogen p«roxldt in tht Jrx«ttne* of Sodiua Tungstato. 
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CP>ER IN HYDROOtiN PEROXIDE 
B of the reection was followed by mea 
hydrogen peroxide in the presence of 
iialdehyde (nearly id to 30 times) and 
the catalyst (sodium tun^state). The 
hydrO(|en peroxide against time were 
Ettes were determined fron the slopes 
il^Cro tona I dehy de J?'» 
^ H j O j / x 1 0 ^ 
Time 
0 
15 
30 
4 i 
•0 
n 
n 
lOd 
^^ ob.'^ ^O* 
(mole l"Wn"^) 
Fi9*i 
2.00 
MxlO^ 
2.00 
1.70 
i.dO 
i.iO 
o.m 
0.4d 
0.20 
• 
2.00 
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T A B 
6.00 X iO' 
L £ - 1 
suring the 
high concen* 
very small 
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900d straiuht 
of these l ines . 
'\i {'m^>O^J» 16.0 x lO'^ M 
PH, 5. Of Temp, 
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MxlO'^  
2.30 
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1.30 
0.95 
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0.40 
2.10 
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3.00 
MX 1 0 ^ 
3.00 
2.70 
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2.1a 
l .d0 
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1.95 
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MX 1 0 ^ 
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1.25 
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D«p«ndtne« of H«t« on Catalyst Coneontxation 
^ H j O j / " 3.00xlD*^M| ^C3POtonal<lohydo/"0.00xlD"^ 
fm^:0^jxixfiu 8.00 12.00 16.00 aO.OO 24,00 
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Time MxlO^ MxJO^ MxlO^ MxlO^ MxlO"^  
0 
Id 
30 
45 
60 
73 
90 
105 
120 
Pit. 2 
3,00 
2 .45 
2.70 
2 .55 
2.40 
2U25 
2«10 
1.95 
l.«iO 
1.00 
1 
3.00 
2.(10 
2.60 
2.50 
2.30 
2.10 
2.00 
1.40 
1.65 
1.27 
2 
3.00 
2.70 
2.40 
2.10 
l.dO 
1.50 
1.2D 
0.90 
0 .60 
2 .01 
3 
3.00 
2.50 
2.10 
1.60 
1.20 
0 .70 
O.30 
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2 .25 
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3.00 
2.40 
l . d 0 
1.25 
0 ,60 
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QftPSft m SQQIUM TUNOSTATB 
Th« oxd*r of th» rtactlon with resptct to sodltm 
tungttat* «»•» <i«t«xmln«il by varying tht todlufli tungttatt 
conc«ntr«tion ktvplng hydxogan p«xroxid«,cxoton«ld«hyd«» 
pH and ionic strangth constant. Th« quotients obtained 
by dividing k^^ with catalyst concentration were constant* 
This indicated f irst order dependence on sodiun tungstate 
concentration. 
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d.00 
12.00 
lib. 00 
20.00 
24.00 
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(mole I'naain" 
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D«p«nd«ae« of Hatt on CxotOAdldehy<i« Concentration 
^N«2^V0^7" i*.OOitlO*^j C^'^%7* 3.00 X 10"^ M 
PH» 5,0 t T«np* I 40^U. 
/"crotonaldahydt/xiO^ ft. 00 9,00 i2 ,00 Xd.OO 
MxlO^ 
3.00 
2.70 
2.40 
2.00 
i.<IO 
1.55 
i . 2 0 
i^xio^ 
3.00 
Z,%% 
2.10 
1.6S 
1.20 
o.ao 
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Tb« oni*s of th«i s«aetlon w l ^ reftpoct to cz<>ton«ldehyde 
w«8 d«ttxmin«di by varying th« crotonaldthydt cone«ntxatlon, 
k««plng hydrogen p«roxid#, todium tungstata and pK constant*The 
quotients ohtaintd by dividing k^ j^ ^ with crotonaldshyda concen-
tration were constant* This indicated f irs t order dependence on 
ero^naldehyde concentration. 
I,^, g kM -,§ 
rcroton^bi«hyde7xl02 k^^^xlO^ -^O^^^^obs/^crotonaldehydeJ 
{i^) (mole I '^in'^) 
6.00 2.0r 0.333 
9.00 3.01 0.334 
12.00 3.92 0.327 
15.00 6.20 .0,413 
4 1 
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u«p«mi«iic« of H«t« on Ionic Stv^ngth of tho Mtrdium 
/•c«oton«ld«hydo7» fe.OOxlO'^j /"^*2^04-7" 16.00x10 
^ H j O j / * 2.!30xiD"^j >JH, &.0; Tomp., 40*G. 
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0.95 
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Dtptndene« of nai« on pH of the Medium 
^Crotonaldehyde7* <>.OOxlO* j^ ^^*2^4^' 16.00xiO*\j 
PH 
Time 
0 
i 5 
30 
45 
60 
75 
90 
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kob.'^^O^ 
(mole l'"^mln"'^ ) 
FI9.4 
3.0 
MxlD^ 
2.50 
2.30 
2.15 
1.95 
1.75 
1.60 
1.30 
1.20 
1.24 
1 
4 . 0 
MxlO^ 
2.50 
2*30 
2,10 
1.90 
1.70 
1.50 
1.30 
1.10 
1.33 
t 
5.0 
MxlO^ 
2.50 
2.2D 
1.90 
1.60 
1.30 
1.00 
0,70 
0.40 
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a 
6 . 0 
M K I O ^ 
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2 .25 
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0«p«nd«rK« of Rat* on th* Coapotltlon of th« Solvtnt. 
To study tli« solvifit •ff«6t« th* kinvtics was followed in 
«l60hol-wat«r ffllxtur«s of difforont coapoftltiont. 
^Grotoiiiildthyd«.7- 6.00xX0*^j ^Ni^ WO^J -^ 1)6.00 x iO"^j 
fVi^^J* 3.00x10"^! T«p. , 40®C} pH, 5,0 
i of ethyl alcohol 0 ID. 2 31.3 50 
ii iMiiwi iWii<i mi^ inmi i i 
Uiolactxic Constant 73.5 72.^ 60.0 
Tim* MxiO^ MxlO^ MxlO^ MxlO^ 
0 3.00 3.00 3.00 3.00 
30 2.40 2.4S) 2.&0 2.70 
60 1.30 1.90 2.30 2.40 
90 1.20 1.40 i.dO 2.10 
120 0.60 O.dO 1.40 X.dO 
160 • 0.30 1.00 l.^ 
mmmm' IIWIWMI'W 1111111 \mmmmmmmmmmmmmA\\mmnmmmmmmmm''m <wwii i i i——iwi i i iMi i iMh IMW«WI«I '»I »• . ^ i w iw m mm. w^i-ii nimwn —••> ,M«iiiwiiii*>i»wtwwfc...^.iiw I»MIIWIH«III» »•••'»«• % M H 
k^^xlO* 2.00 l , d l 1.67 1.26 
(Ml* l"*«ln'^) 
P&ff. 6 1 2 9 4 
KlrMitiet of the upoxldatlon of Cxotonle Acld by 
Hydrogtn I'tiroxidt in tho iTdstnco of Soslum Tungtt«t« 
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(mm IN HYOROOSH PSiQXIBi 
TH* pxogzttf of th« xMCtlon wat f ollowttf by oiMturing th« 
ditapptasane* 9f hydzogan paxoxida in tha praaanaa of h i ^ conaano 
tratlofi of aiotonle aeld and vaxy aaall eoneantsation of aodluia 
tungatata aatalyat* Tha plota batwaan eoneantration of hydirogan 
paroxlda agalnat tlma \1t9x9 good atvaight llnaa and tha sataa wara 
datazminad from tha alopaa of thaaa linaa. 
^Cacotonlc aeldj^- ti.OOxlO'^j f^*2^^4^' ^^*^*^^ 
Tanp. 40*CJ pH, 4.0j ya • 3.00xiO**M 
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D«p«fidtn«* of Hat* en Cmtonlc Acid Cone«ntz«tlofi 
^M«2»gq^7» i^OOxiO'^j C^^%7^ 3*00xl0*%ll p -StOOxiO*^ 
^Crotof iU acld^xiO%* 
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Th« ordtx of th« arMiction with r«»p«et to orotonic 
acid w«t d«t«zalfi«4 by v«ryifi9 tho cTotofiie add eoneon* 
tr«tlon» kofping hydzofon pozexido* todlun tungtttto; PH 
and ionic atrangth eonatant. Tha quetiantt obtainad by 
dividing k^^ with czotoni« acid concmtsation wx% constant. 
This indicatad f irst oxdar depandanca on crotonic acid 
concentration. 
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0«p#nd«ne« of Rat* on SOISIUMI Tungttttt concontration 
.0 .^ PH, 4.0} Tamp.* 40^0. 
^NajWqi^xlO^ 
Tl»a 
0 
30 
00 
90 
120 
190 
180 
210 
240 
2t© 
>^illi«*«^ 
(•oi« i*Wir 
Fl9«9 
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3.00 
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Tht oxd«r of rtaetloA with x«tp«et to todiun tangttato 
wa* dotoxnlnod by vAzylng tho tocHun tungttato concontsfttlon* 
ktoping hydrogon povoxidOt orotonie add* pH and ionic 
strangth constant* Tha quotlantt obtainad by dividing k^^ 
with aodiua timgstata coneantration wara constant* This 
indieatad fivat oirdar dapandanca on todiun tungatata 
eonoantration. * 
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QBp^ a ;N HYGROQEN PEHOXIDE 
Th« progress of th« reaction was followad by measuring ths 
cliMpp«aranc« of )iydro9«n peroxide in the presence of high concf^ n' 
tretion of fumaric acid aad very small concentration of sodiua 
tungstate catalyst. The plots between concentraticm of hydrogen 
peroxide against time were good straight lines and the rates were 
determined from the slopes of these line, 
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Th« ordtr 9f reaction with respect to fum«rie «eid 
was dettirfRined by varying the fumaric acid coneentration 
keeping hydragtan pejroxide, sodium tungstate and pH 
constant* The cpiotients obtaitied by dividing k^^ with 
fumarie acid concentration were constant. This indicated 
f i r s t order dependence on fumaric acid concentration. 
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Th« oxct«r of rtaction with r*8p«ct to eodlun tung»tat« 
w«8 d«t«rmin*d by varying th« sodium tuagstat* eone«ntr«tlon 
keeping hydrogen pexoxlde, fum«xie acid* PK a^ nd ion strength 
constant. The cpiotients obtained by dividing k^ ^^  with 
eataiyst concentration were constant* This indicated f irst 
dxdes dependence on sodium tuagstate coiuientxation. 
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The progx««8 of th9 reaction w«s followed by meaturlng the 
ditappeeirence of hydzogen peroxide in the presence of high coneen* 
tration of cltraconic acid and very small concentration of sodium 
tungstate* The plots between concentration of hydrogen peroxide 
against tine were good straight lines and the rates were determined 
froffl the slopes of these lines* 
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Tht ordM of %h« r««eUofi with respect to tOfliiHi 
tungttato was dotozmlnoct by varying tho sodiun tufigttato 
cofie«Ats«tlon ktoplng hydsogtn poTOxido, eitrftconic «6ld 
pH and lonie ttrongth eonttant. The ^otlantt obtaintd 
by dividing k^^^ with todlun tungatata coneontratlon wara 
eonatant. Thla lndlc«tad first ordar 4up9n6»m9 on sodlyn 
tungstata eoncantratlon. 
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^Cltraeonle acldljS l^O l^ 5.00 7.30 jLO.OO X2.d0 15.00 
Um MxlO^ WxlO^ MxlO^ MxiO^ MxlO^ 
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Tht aardeir of th» rMCtlon with x«tp«ct t9 citrMeni* 
Mid was d«t«iiuln«d by vixylng tht eltx*eonle •eiil eonetn* 
tr«tlon, keeping hydrogen p«Yoxid«» todiun tungttatt «ntf 
PH eontt«fit* Th« quoti«ntft ol»t«intd by dividing k |^ ^ with 
eitxaedfiie «eid edne«ntx«tion w«x« eonttant* This lfidie«t*d 
first ord«r d«p«ndtnc« on eitzseonle acid eoneantration. 
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D«{Miid*net of Eatt on tho coitpotitiofi of th« Solvont 
^Citxaeoni« acl<47«20.OOxlO*%l ^N*2«047* A^ OO x i O * ^ 
C^^zJ" 3,00x10*^8 ^ - 3.00xiO"^| pH,4.0| T««p.,38*C. 
,^  of othanol 
Dloloetrle ContUnt 
Tlaio 
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MX 10^ 
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i&«4 
69,3 
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60.0 
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30 
.> 
MxlO^ 
0 3.00 3.00 3.00 3.00 3.00 
10 2.40 2.45 2.60 2.75 2.80 
20 l . « ) 1.90 2.20 2.30 2.60 
30 1.20 1.35 l.dO 2.25 2.40 
40 0,60 O.dO 1.40 2.00 2.20 
50 0.01 0.25 1.00 1.75 2.00 
60 • • 0.60 1.50 l .d0 
70 . • o.aO l . » 1.60 
00 • .. • 4,00 1.40 
90 . . . 0.75 1.20 
''obe*^^^ ^*^^ ^ * ^ ^*^^ ^ ^ ^ ^*^^ 
n%»n 1 2 3 4 5 
* * • " * — ~ - ~ — — ^ — — — ~ — • — • " * " " - " - " • * - — — — - - " • — I • • . • II I -11 
^H 
0 7 
Tht aeid 4i»ftoelatlofi eonttwitt wtx* dtt^xmlntd fxoii 
•eldim^trie titzatlon €uxv«t. Aqueous tolutionft (0*02SM) of 
sodlufli tungttatt wx9 titrtt«<l with 0*62M «qutoias hydroehlozie 
aeid and th* concomitant chango in pH wat road with a Baekman Q 
pK-natair using glasa (Baotoan 404d&) and ealoaal isaeksian 39970} 
«laetrod06» A typical titration curvo i t givan in Fig* 23* I t 
ahows ona inf I action point coxratponding to tha additi<»i of ona 
a(|iiivalanca of H'*' p9x mola of sodiuai tungstata. piC2 waa xaad 
irmt tha h«lf aquivalanea point of tha first aagmftnt. 
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0«p«ndtfit« of C^^J ^ ^ *^ ^ ^' '^* M«dlyii. 
a«for« tht f irs t tquivaltnc* pointt th« «lnind«ne« of 
HwO^  tptciot wt7« eiltulatod using tho foximla 
At any point «ft«r th« f irs t oquivslsnet point» th« 
Gonesntrstion of KWO]^  i s ^Hwo]^/ at ths f i r s t squivslsnes 
point - ^HjWfO /^ foz(s«<l wpto thst point. Ths valuo of ^HWOj/ 
at diff«x«nt pH*s «r« tsbulstsd in Tabls givsn bslewi 
pKj for tungstic seid • 6*90 
^NS2W0^7" 2&.00 X iO*^ 
• WllllMlH • •Mill • •rimiOlWWIi *iiN1ii»Mli"WK HllOM" IIWiiBIIIIB II III <iM»l<i'lll<M«»IM<l LLI<>**.KI.M|,IMMIIIW W>li«illl.ai|IMii|l|WW(»u»WiiWWiii»«Mplil^»>W^^ 
PH /"HWOj/x 1 0 ^ 
3.0 IT. 99 
4,0 21,78 
4.T 24.89 
»#Q 2 2 . 2 0 
^ • 0 il,06 
t.O i.a3 
p I s cy^^ ^ I o,n< 
Th« pXott of hydro9«n p«xoxi<i« eoneontxatlon asalntt 
tlmt w«r« t t n l g h t Iin«t (vidt Fig* 1,7,13 and 19} with 
ld«ntleal tlopot. This Indleattt xtxo oxdtv d«p«nd«no« of 
xat« on th« hydzo9«n p«roxid« Gonc«nt]r«tlon« k^^ i t 
dixMtly proportional to tho concentration of untaturatod 
conpound*crotonaldthydo« crotonict fxinaric and eitraeonlc 
aeidff (vida TabXtt, d«ll*19 and 29} and alto to tha concan-
tration of tha catalyst Uida Tablas 3|13»21 and a?}* This 
i s indicativa of tha fir&t ordar dapandanca of rata on tha 
catalyst at wall as on tha unsaturatad eonpound. 
In aquaoua solutloiia, tungttata ions hydrolysa into 
tha acid anions 
WoJ* • H**" i^ ii liiili HWOj i l } 
Tmigstic acid i s convartad to paroxytungstic acid, ''''^ ^ 
whan tvaatad idlth aqpiaoua hydragan paroxida* I t aiay b% racallad 
hatt that undar our axpariitaiital conditiona, naithar hydragan 
p«««Ki4t Cwithaiit catalyst) mar tha catalyat withavt hydxogan 
?! 
P«x9xl4t bring about tht oxl^Uon of tht uiitatujr«t«d 
coapoufidt. I t thut auggattt that hydrogan paroxidt rapidly 
aad €onpIat«ly oxiditaa add anions into pacexyaeid anions 
which thanoxidixa tha untatuxatad compound* 
PH matxic titration of Ha^ WO^  by KCl ahoiva that 
jTiMi'^J ia naxinum around pK 4*7 (labia 32). Tha tungttata 
eatalysit datexibad haxa ia also optlnun around tha sama pH» 
This elaaxly suggasts that paxoxyacid anion ia tha apoxidiiing 
agont. Tha pxobabla oxidation maehsnism i s a a followas 
k« 
unsatuxatad compound * Klt^ I = £ S (intaxmadiata conplox) 
-3 
'"•"• •••' {4) 
tlntaxiaadiata complax) -^^-> lipoxida + HWOj — - (») 
Hata of formation of intaxnadiata complax 
• kg ^unsaturatad compound^/'HifOrT— (6) 
aata of dafoxmation of intaxmadiata complax « k^ 
^iAta»aadiata camplax^7* k^  ^intaxmadiata complaxJi^  — 17) 
Aasumifig ataady atata for tha ««ncantxation of tha 
inttimtdiata complax. 
Rata of foimation of imtaraadiata complax«Hata of dafomation 
•f intaxmadiata complax 
'i't 
t k^  ^intazatdiat* sonpiax^ 
•poxld«ti«a x*t« • k^  ^ lfittxin«dl«t« coaplax J^  ——— (9) 
SubsUtytiAf th« V4lu« of concantxatiofi of intaxiMdUtt 6onpl*x,in 
k k 
tpoxidAtion x»t# • jp-^^g-—/*unsdtu*at«d coapouiid^/^HlsoJ^ 
-3 4 
•poxidation Mta « k» ^untatuzatad cowpound^T^MIK y^ —— (10) 
*«3* *4 
Sinea tha fomation of HWO^  fxooi HwO^  ia Inatantanaoua and 
aonplata, tha aqii«(iO} 6«n l»a xawxittan aai 
apaxidatiaii rata » k* ^unaatuzatad coeipeurid/ £^^^2^"^ ^^^^ 
Tha aatalyat (iia i^vo^} at any ataga in tha pzaaaaa ia diatrlbutad 
in foy« fafaa» itOt th«c«f«v« hava 
fm^^J'^ £^J* ivmll* C^^O^J* ^mtawaadUta 
caMplax^ — - ( i f ) 
Tilt • •n tantMUM af Hit inttniadiata aoMplax ia #4^*1199 
ia M f U f l i U iA CMfAKiaan t» •%!»» tama of tha a^i. 
•/3 
9tmk •qullUbriiMit 4 •nd 2* 
SubtUtuting th« vtlut i of ^ ^ ' J ««<! -^"2*^4-^ 
from tqnt. (14) and (id) Into ocifuCld}* wo got 
2 4-r *^ir«V 
SwbstitaUnt far ^H»a(^7 fxta cqibd*) Into cqibUl) 
1\ 
(it) 
Thlt •i^laint th« oli««rv«<l oxd«v of th» sMctioii with 
r«tp«et to tubttrato, e«tAiy«t And tho oxld«nt« EfiiMtlon Cl7} 
•l«o •xplalnt tht pH d«p«ci4ofiey of tho pzoc«»« vory wtll. At tho 
hlghor pKt tho oqullibiriuii (2) boooMot intlgnlficaat. Thoroforo* 
tht tojTtt K.K2 C^7^ ^^ •<p«(i7} «afi bo dJTOppod to obtoin 
oq(i.(ld). 
k»K. ^H J^i'^ ^NAjWO-J'if ufiMturotod oonpoufMlJ^  
(W) 
Iho plot botwoofi - j ^ Vi, 7*jJTJ^  U t hl9hor pM whoro 
oquUlbxlu* 2 i t intiffiifieont) i t « ttraight lino tnd i t 
ooxxotpondt to tho soeond p«xt of tho Figurot S,ii ond i t . At 
lowoY pH tho toyit K^ Kji C^ J^ 9*lnt tignlf iooneo «nd i t t voluo 
xioot artpidly with jrito in tho eoatontirotiofi of vt ond tho sroto 
^Sm% folio off with foil ill pH in tho lowor pH vongo. 
XAOVOOOO in ionio ttront^ did not of foot tho 10 to 
(Toblot #»i»*23 ond 30). Tho fottov opoxtdotion roto of 
oitvoooiiU otid 00 coapoxod to that of fMMiHo ooid (Toblot 17 4 25) 
twidot idontiool oonditiont ohow thot tho psotonoo of aothyl group 
75 
• t th« t i t t of th* doubl« bond It stroAQly r«t« onhafieing. 
This polat« to an •lectcophill« addition which a« 9«fi«]r«lly 
obt«:rvod in tho eoirrotponding xtaetion of oltf ins with organic 
poxaeidt and In othor thxoo eontor-typa adaitioni. ' ^ ^ 
Thf tpoxidation irato dacroaaad at tha pareontaga of 
watav in aleohol^watar raix^ra 49(iit9B94 (dialoctrie constant 
lowaxad) but no linaax salation betwaan k^^ and dialaetrie 
eoastant could ba noticad* Tha aoLvant asid sal t af facts 
datcribad abova* giva an insight iato tfm natuxa of ^ a 
txansition stata of tha oxygon txansfax from tha paracid to 
tha doubla bond of tha olafinlc substrata. Tha xasultt axa 
thus in accord with an intramoloculart coneartad xaaction 
pxogxatsing at a rata tubjact to tha nuclaophilic raactivity 
of tha doubla bond and tha aquilibxiun eoncantration of tha 
untaturatad eonpound. Tha transition ttata may ba vitualisad 
asi 
Figa. 24 and 25 
/ p 
O—H 
H 
C I 
£ 
/ " ^ 0 
,0 
OHC ^ H 
H CH^ 
^ 
."K 
X)-
OHC ^H "^v 
^ 
. / 
0 
0 
H 
/ 
/ 
CH-: 
0, OH ^ 
o"^  0 / \ 
OHC H 
Fig. 24 
/ / 
H 
0 0 — H 
•OH 
c 
/ \ 
+ 
0 
\ . 
0 / 
w 
/ 
0 
0 
0 
• ^ 
IN . \ •-. 
/ \ -
0 0 
w + 
0 
> 
/ " ^ \ 
Fig. 25 
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Kln«tiGt and K&«ehanl«n of ^ « ipoxidation of cxoton-
<il(i«hyd«» Crotonic Acid «^tvi Fumaric Acid by Hydrogen 
Paxoxid* in tha Jfrtt»«nc« of Sodiun Molybdat«. 
iCln«tics of the jcpoxidatlon of Crotonaldtthydt by 
Hydrogen *>«xoxid« in the Presence of Sodium l>/ioXybd«te 
15 30 45 60 75 
Time (min.) — 
90 105 120 
F ig .26—DEPENDENCE OF RATE ON HYDROGEN PEROXIDE 
CONCENTRATION. 
/S 
The pro9jr*ts of the reaction w«i« followed by laeaeuring the 
disappearance of hy<iro9en peroxide in the presence of high concen-
tration of crotonaldehyde (nearly i5 to 30 times) and very small 
concentration of sodium molybdate catalyst. The plot between 
hydrogen peroxide concentratl<m a9ain8t time were good straight 
lines and the rates were detemdned from the slopes of these l ines. 
/•Crotonaldehyde/- 6.00x10*^M| {'H^^OO^J' ie».OOxlO*\,pH,&.0, 
Tenp., 40^ CJ f « 4d.00xi0"\ 
/ " H g O j / x l O ^ 
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T A a L ^ * ^ 
0«ptiid«net of Katt on c«t« iy t t CoiieontKtlofi 
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The 0S49S of th« xflaction ndth srttptct to fodivm 
aelyli4«t* w*t d«t«xnifi«fil by varying tht todiluK nolybdat* 
cofic«fitr«tlofi» kttplng hydrogtn p«roxld«» eroton«ld«hy<l«» 
PH *n4 loni« ttr«n9th constant* Iho quotltntt obtalnt4 by 
dividing k^ ^^^ with todlyn aoXybdato concantration wf 
constant* Ttiis indieatad first ordar dapandanea on aodiun 
nolybdata coneantratlon* 
^r.odluio molybdata/xW* k^.xlO* ^bs*^°^VN«/.oO^ 7 
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^ig.28— DEPENDENCE OF RATE ON CROTONALDEHYDE 
CONCENTRATION. 
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D«p«n<l«n€« of lUtt on Cx^ o tonal d«hyd« concvntxatlon 
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th« dlsMippdaxancv of hydrogen peroxide in the presence of high 
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hydro9en peroxide against time were good straight l ines and the 
rates were determined from the elopes of tUvese lines* 
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ciato on Fumarlc Acid Concentration 
'% /"HjOj,?* A' 
PH, 5.0} 
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Th« ord«r of th« r««etion with r«sp«ct to {\m«xic add 
w«s det«xmln»d by ^drying the fuBtaxie acid eoiwentr«ition 
ktaplng hydrogen p«roxid«« sodium inolybdiit** pH ^nd ionle 
str«njth constant. The quotients obtained by dividing k^ j^^ ^ 
with fumarlc acid concentration were constant. Thia Indicated 
f irst order dependence ?n fumarie acid concentration. 
X.I.A .ft-
^Fvimaric acid.7xlD2 k^b.xlO^ k^bi*^®^ / ^ Fumaric a c i d / 
(M) (mole I '^n*^) 
I •Mil>WHWM"^|wi»"l 
2.67 1.09 0.40<i 
3.33 i.3d 0.405 
4.00 1.63 0.40d 
4.67 i.96 0.419 
5. 33 2. i4 0. 40i 
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^•^giiiinaUon of Add iJifesoeUUon Contttnt of MoIvbdtU loii; 
Th« acid dlteociation cofitt«ntt wx9 dtttxnlfitd fron 
•eldliattric titration curves* A(|u«ouft solutions (0«02dM) 
sodiuai aK»lybdftts wsars titr«t«d with 0.62)4 «(|usQUt hydro-
chloric acid and ths concoiBitant Changs in pH nias rsad «dth 
a osckiaan a pH^rastsr using glass (iiseknan 404i^) and calomsl 
(asckman 39970} slsctrodes. A typical titration cutv9 i s 
givsn in Fi9«23« I t shows on« inflection point eorrssponding 
to ths addition of ons squivalsncs of H* p«r inola of sodittsi 
ffiolybdats* PK2 «»*• rsad from ths half sciuivalsnes point of ths 
f i rs t ssgosnt. 
\^ol.of HCl addsd 
0 
0 .1 
0 .2 
0 .3 
0 .4 
o.» 
0.6 
O.T 
0 ,$ 
0 .9 
1.0 
l . i 
T A ^ L ft 
PH 
7.45 
(».3& 
6.10 
6.00 
&.9& 
5.90 
d. i» 
&.ao 
».7& 
?>.7» 
».T0 
».70 
".M 
M&U of HCl addsd 
JU» 
2.0 
2.5 
3.0 
3.9 
4.0 
4 . 1 
4.2 
4. 9 
4 .4 
4.5 
4.« 
pH 
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^•60 
s>.5:> 
5.50 
5.40 
5.25 
5.25 
5.20 
5.20 
5.15 
5.10 
5.10 
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T A 6 i 6 - 1^ iQt9nMt) 
7ol.of HCl «d(t«d pH Vol.of HCl addod pH 
U2 
4 . 0 
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9 . 5 
10 .0 
JL0.5 
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2.35 
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2.15 
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2.10 
2.10 
2.10 
2.05 
2 .00 
1.95 
l . < » 
l .dO 
1.75 
1.75 
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0tp«iid«n6« of ^HMp^y on the pH of tho Modlu* 
Sofoxt tho f irst o^ivaltneo pointy tho abumtooeo of 
moO^ spoeiot «»oro calcul«to<} using tho foimlo 
nt any point of tor tho f irs t oquiv«ilonco point* tho 
coneontzotion of KMoo]^  i s ^HlioO^/ at tho f i r s t oquivatonco 
point • ^ H ^ ^ O ^ fosBod upto that point. Tho valuo of 
^HMoo]^/ at difforont pH*« aro tabulatod in Tablo givon bolow. 
pKg for molybdic acid •^^^^Na^oO^/- 2».OOxlJ0*^ 
pH fmer>^J%lQ^ 
3.0 22.92 
3.6 24.45 
4.0 16.45 
5.0 5,49 
6.0 O.M 
7.0 0.07 
mmmmmmvmmm* 
l y ' 
jULs g y ? ? X Q H» 
Th« plots of hydxo e^n pcsoxidt eoaoootzfttloa ftgaintt 
tim wozo ttraight l intt (vi<lo Figt* ai* 32 «n4 3d} with 
idtfitie«l ftlopos* Thit itidUAtot soio oxciov dopvndofict of 
rato on tho hydxo9«n ptzoxl^o ooncontxatlon* k^^ It 
cllx0cUy pxoportional to tho cone«ntr«tion of unsatuxatod 
coapoundkcrotonaldahyda, ezotwilc and futnaxle aclda (vlda 
Tablaa 3T»43 and 53) and alto to tha eonoantration of tha 
caulyat (vlda Tablaa 3&t4d and &1). Thla i t Indleatlva of 
tha first ozdas dapandanea of rata on tha caulytt at wall at 
on tht unsaturatad compound. 
In aquaout solutiontt raolybdata iona hydxolyta into 
tha acid aniont 
K. 
MOC^ • H* ;• • •^ ••^  HttooJ — « _ ( i ) 
K 
HMOOj • H* -^  ^ : > HgpoO^  (iJ 
Molybdic acid i s convaxtad to pasoxy»olybdic acid* 
^^n txaatad with a^aout hydxogan paxoxida* i t »ay ba xacallad 
haxt that undax our axpaxiaiaiital canditi^iia* naitliac hyd*o9aA 
pavaxida (withmit catalytt) nox tha catalytt (without hydzosan 
paxaifldt) bvin^ about tha oxidatian of tha unaataxatad coapaunda. 
I t thMa ttt9«attt that hydjrovan paxoxida xapidly and caaplataly 
axiditat acid aniana into paxoxyacid anlana which than oxidita 
1 u 
th« unsaturated eoapountf. 
pH natsle Utxation of Naj^ ioO^  by HCl ahowa ttiat 
^im^o'^J ia mAnimm around pK 3*4i (labia 57). Tha molybdata 
catalyala daacribad hara la also opUanim around tha aaiaa pH. 
Thia elaarly sug^aata that paroxyacld anion la tha apoxidising 
agant. Tha probabla oxidation aa«h«ni««i is aa follows: 
unsaturatad compound • H^ loc^  ';. ,i3l T^^  (intax«adlata complax) •••(4) 
(intarmadiata complax)•• "^  > iipoxlda • HMoO]^  . . • (9) 
Hata o£ formation of intarmadiata conplax 
• kj/*unaaturatad co»pound^^W«ooJ^7 ••• (*) 
uata of daforoiation of intarmadiata co«plax«k.^intaraadiat« 
"^ coMNPlaxy 
• k^ ^ intaxotadiata coaplax^ •. •• (T) 
HaauMing staady atata for tha eoneantration of tha 
intamadlata eo»plax 
HAta of foxaatian of intaxttadlata coaplax • Hat<i of 
daforaation of intaimadiata aosNPlax 
II3 ^wisatuiatad aoispoundJ^^llMK^/* k^^ ^ i n U n a d i a t a aoi^lax/ 
• k^ ^IntaflMdiata coaiplaxj^ 
U^^ 
It tn^i^Ji 
•poxlfiaUofi x«t» • i t ^ IntiwrwtdUt* conpUx/* (9) 
of 
Substituting th« valutt of eonctntration'^iAt^xiaAdiato 
coBipUx in • (^(9) 
•poxidation rat* « ^* *^ ^unsaturatad compound^^HMoc^^ 
•poxidation rata » k*^un»aturatad coinpound//'H*io0^7 
• . • * . « • (iO) 
whaza 
3inca tha foxaation of mod^ iron moQ^ i« inatantanaout 
and coaplata, tha «qp*(iO} can ba xawrittan aas 
apoxidation rata <» k* ^unaaturatad ewitpmtt^^m»d^,*<»ill) 
Tha eatalyat (Na^ao^) at any ataga in tha praeaas ia 
diatrihutad in laur foxsia* i»a» thacafaca hava 
fn^JM}^'flM}^J* ^HUaOj / * ^N^AO^/^ 4f in«ax«adiata 
aaaplax^*.. • • (12) 
Tha conaantxatian of tha intamad&ata •a i^ax in acp.(i2) 
is naflif ihla in aaapariaon to othax tama af tha •^» 
Htnta* 
1 0 1 
Fzva •^l l lbxiu«t i and 2 
fH7/fc«c^7 
2 fHV^oo; ; / 
GubsUtutlng th« valu« of <f «ooJ"7 *"<* C^j^^^J' 
fxom •C|p8*(i4) and (15) into •qf}.(13)« W« 9«t 
I Ajf /** 11* 7 • it iC y M ^ 7 
^NajMoO^/- ( *= ^ - L Z l SI ) ^HM00*7 
Subtiltutlni fox ^Hii«(^7 firOM •qr»»(ii6) into •^.(XX) 
•IKiitldtUM Mt* • iS~-i± ^ ^ ' ^ ^ Z-TT5 ' 
X • 1C4 r » 7* ^ i»Si C^*J 
(Xt) 
u< 
This txplains th« obMxvcd ovd«r of th« x«««tioii with 
x«sp«ct to tubttr«t«» catalyst and tha oxidant* 
Equation (17) also oxplain« tha pK dapandanay of tha 
pxoeaaa vary wall. At tha lilghar pH» tha aqulllbYiuA (2) 
baeomaa Inaignlfleant* Thazafora* tha tarn K^ C^*7^ ^ 
aqn. (17) can ba dxoppaci to obtain aqn.(id) 
k %jr H t^r NajMoo. 7 ^ unaa tura tad 
i;poxidaUon rtata « * '-^ ^^^tj compoiinitj . , . (W) 
Tha plot betwaan ^ va. •^ "^•r"' (*t hlghax pH whaxa 
*oba 4 J t y 
aquillbxluHi 2 la Insignificant) la a straight Una and i t 
corrasponda to tha sacond part of tha Piguraa 30 and 36. ^t 
lowar pH tha tazai K^ iC^  £Vt*J*' galna signifleanca and ita valua 
risaa rapidly with xlaa in tha concantratlon of H"*  and tha 
rata thua falls off with fallln pH in tha lowar pH ranga. 
Xncraasa in ionic stxangth did not att'oct th« rata 
(Tablaa 3»,47 and »4}. Tha apoxldation xata dm^f^*^^ aa tha 
paxcantago of watar in alcoholwwatar nixtuxa daaraaaad 
(dlalaatrla aonatant lowara^ but no linaar ralatlon batwaan 
a^tea ***** dlalactrlc aonatant aould ba notiead. Tha advant 
%n4 aalt offacta daaaribad above* giva an insight into tha 
natttxa of tha transition atata of tha oxygan tranafar fraai 
paiaald to tha daubla bond of tha olaflnic substrata. Tha 
l O ' ^ 
x«ftultt «M thus in accord with «n intMnoI«euI«r«cofie«xtt4 
x««eUon progrttting at « rata subjaet to tha miclaophilic 
xaactivlty of tha 4oiibla bond and tha aqullibriuM conean* 
tratien of tha unaatuxatad compound* Tha tvanaitlon atata 
•ay ba viauallzad aa: 
Figa. 43 and 44 
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iCln«tie8 and M«chanitn of the Epoxldation of Groton-
aid«hyd«, Mal«ic and Fumarlc /^Ids by Hydxogen ?«zoxid« 
in th« pr«8«r)c« of Sodium OrthovanadatA. 
I 
I 
Kln*tlC8 of th» EpoxidaUon of CrotonaLd«hyd« by 
Hydro9«n p«roxld« in th« i'rastnc* of Sodium 
Or^Mivanadat* 
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Qm^,h ^ HYDROGEN PEHOXIDE 
Th« progress of th« react ion was foUow4 
th« disappearance of hydrogen peroxide in the 
J 
i 
• i 
a 
»d by measuring i 
presence of high 
concirntxation of crotonaldehyde and small concentrat ion of 
sodium orthovanadate c a t a l y s t . The p l o t s bstween concentrat ion 
of hydrogen peroxide aga ins t time 
the rates were determined from the 
I A a If e -* 
/*Grotonaldehyde / • 2 0 . 0 0 x 1 0 " 
Temp. 
^ H j O j / x l O ^ 3.00 
Time MxlO^ 
0 3.00 
120 2.75 
240 2.50 
360 2 .25 
480 2.00 
600 1.75 
720 1.50 
a40 1.25 
%0 1.00 
^obt""^^^ 20 .83 
(mole I'^min"-^) 
Fig .45 I 
, 40**Gt 
3.50 
MxlO^ 
3.50 
3.25 
3.00 
2.75 
2.50 
2.25 
2.00 
1.75 
1.50 
20. d3 
2 
were good s t r a i g h t l i n e s and 
s lopes of ' these lifiet 1. 
•i 
^Mj ^Na^VO^/ - 4 .00x10**^ 1 
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Dttptndenet of Hat* on Crotonald«hyd« Concentration 
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Th« order of xesiction with £t»»pect to crotondldehyde 
W48 d«t«ri»in«d oy varying the crotonaldehycie concientxation, 
keeping hydrogen peroxide, sodium orthovancidate, aad pH 
constant. The cfuotients obtained oy dividing k^j^^ with 
crotonaldehyde concentration were constant . This indicated 
f i r s t order dej^endence on croton«ildehyde concentration. 
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Th« ord«x of the zeaction with x«sp«ct to sodium 
orthovanadat* was datexrainttd by varying the sodium oxtho-
vanadate conceatxi t ion keeping hydrogen peroxide and 
ciotonaldehyde concent iat ion, pH aad ionic s t iength constant . 
The quot ients , oi>taia»d by dividi jg k ^^  by sodium oxtho-
vsnadate concentrat ion, wexe constant. This indicated 
f ix s t oxdex depend'^nce on sodium orthov«inadate concentxation. 
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F ig .50 -DEPENDENCE OF RATE ON HYDROGEN PER-OXIDE 
CONCENTRATION. 
1 ""• 
A 1-^ 
The pro%jr«se of the react ion VMS followed by measuring 
the dlta^jpearance of hydrogen peroxide in the presence of 
high concentrat ion of Maleie acid and very small concentrat ion 
of sodium orthovanadate ca ta lys t - The p lo t between concen-
t r a t ion of hydrogen peroxide against titfle were good s t ra i . jh t 
l ines and the r a t e s were determined from the slopes of these 
l i n e s . 
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Fig, 51—DEPENDENCE OF RATE OQN&JAWT ON MALEIC ACfD 
CONCENTRATION. 
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Th« oxd»r of the react ion with respect to roaleic acid 
fm% d«t«raiin«d by varyin9 th« maldic acid concentrat ion 
k««ping hydrogen p«roxide, sodium orthovdnadate* pH and ionic 
strength constant. The quotients obtained by dividing ^^bsi 
with flkuleic acid concentration were constant* This indic«akted 
f i r s t ordiir dependence on maleic acid concentrat ion. 
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Fig.52—DEPENDENCE OF RATE ^OHOT^OT? ON SODIUM ORTHOVANADATE 
CONCENTRATION. 
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Th« oxd«r of react ion with respect to sodium 
orthovanadate was ddternined by varying the sodium oxtho* 
vanadate concentration keeping hydrogan tJ<exoxlde, nale ic 
acidt pH 4*nd ionic strength constant . Ihe quotit^nts 
obtained oy di^/iding k^ j^ ^ with sodium orthovan^date co.>-
Centration were constant. This indicated f i r s t order 
dependence on sodium orthovan<-date concentration. 
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Fig. 5 5 - DEPENDENCE OF RATE ON HYDROGEN PEROXIDE CONCENTRATION. 
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The progress of th« react ion v/ae followed )oy m«^«ftsurind 
the disappearanct of hydrogen peroxide in the presence of 
high concentration of fumaxlc acid and very small concen-
t r a t ion of sodium orthovan«idate c a t a l y s t . The p lo t between 
concentration of hydrogen peroxide aga ins t time wexe good 
s t r a igh t l i nes and the r a t e s were detexmined from the slopes 
of these l i n e s . 
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The order o£ rtt<»ction with respect to scKjilum 
ortt^ovalidate w«i8 deteirrdned by varying the sodiuai oxtho-
van*date co icant ra t ion keeping hydrogen peroxide, fumaric 
acid , pH and ionic strength o n s t a n t . The quotients obtained 
oy dividing ^.^^ u i th sodium orthovandate concentration 
w«re constant. This i nd i ca t ed f i r s t order dependence on 
ftodluGR orthovanadate concentration. 
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The order of the react ion with respect to fumarlc 
dcld was determined by varying the fumaric ^cid concen-
t r a t ion keeping hydro98n peroxide, sodium orthovanadate 
and pH constant. The quot ients obtained by dividing k^j^^ 
witii iufMxic *cld concentr<*tlon were constant. This 
Indicated f i r s t order dependence of ra te on fuii»aric acid 
conc&»iitration. 
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Q I r, c u s s I 0 m-
Ih« pIot& of hydrogen ^dxoxid« concentrat ion aga ins t 
tliB« w«re s t r a igh t l i nes (Fig8.45,a0 and ^'^) with idamtical 
sloptfs. This Indicates aero oid«r depead^ince of ra t« s>n 
hydroa«n j^exoxidt cufictitxtftion. k*seudo zoro oxdex xs»t« i s 
xepoxt«d da k^,,„. lc^ t^ „ l& dix«»ctly proj^^sxtional to th«< 
conccintxatlon of the un8«ituxat«d cotapouna-cxotonald«hydl«, 
umluic dfid fusuixic dcids (I«»i»l«9 o0,6d «anci 7t;») and <*! ^o to 
th# co<icentx«»tioa of th« c a t a l y s t ( t ab le s 62»70 otnd 76). Ih is 
1^ iidic«iktiv# of thw fix'^t oxdi»x d«!r>«nduncu of r a t # on th(e» 
cdt4iy&t <^ s wall «« on the uns^tux^tftd contpound. 
jr'reliaiindxy s tudies ha/e shown th4*t uadex oux «xp«ri» 
itiantskl condi t ions , hydxogfcn pisroxide do«s not bxin^j about 
epoxidation of unsatuxat£)d coinpound without th« cat«klyst 
(vanadate) ^nd also th« c a t a l y s t (without the oxidant) f a i l s 
bring aoout th«j «jpoxidatioft. This c l ea r ly sugj^ats the 
invoLv€Hn«nt of n<xr,9 tnox« oxyj©nated foiw of vanadium as oxygen 
c a r r i e r In th« pr^cees. 
In analogy with tungstata &n6 molybdate catalyzed 
epoxidation of crotonaldehyde, c ro ton ic , fumaxic and c i t i a con i c 
acids described in chapt^irs 4 a.nd ^ xespec t i / e ly one i s tempted 
to asftuiue tha t H2>^^ i s the epoxidizing species and the 
following simple pxotonation ^^qMilibxla e^xist 
1 '.J 0 
K 
H/oJ* + H* -7—^--^ "a^'^i — ^^' 
Y 
H^/O^ + H* i ^ s z T t ^ H^/04 - ' — " — (3) 
This -analogy leads to the follovdng mechdnlsjn and r a t e 
Hg/Oj • H^O,^ —^"*-^"'^  H^/O* • H^O —--^— (4) 
unsaturated compounds V^^^'X^ •';['•'-.ffl^ ii^  ( inteune l a t« complex ——(5) 
(intftxiaeilate compl«»x) -—* ^ upoxici© •»• Hj/o]^ -—— (6) 
-Hksauraing s.ty<*dy s t a t e for the concentrat ion of the 
In termed l a t e corriplttx 
k» >f^^^W*j{^Wh^m^J/\xt\%^Xyxxii\%A compoundJ^ 
»poxid«ition r«*t« «• ^^ ""7 ' "T"^ "^ 7"—'T' 
(7^ 
whart k' « k^kj, / ^ j ^ ^ ^ ^ ^^ ^ 
and /"Na^/O^/- /f ^oj* 7* C^^^t J^ €^^^^^£,7^ ^^3^%7 
Th« «qn.i7) «xpl«ini> th« observed oxclitr of tht^ rti^actlon 
with rueptfCt to eub&trdt«t c a t a l y s t ^^ndt the oxidant but do« s^ not 
«xpl<riin tht» ob3>«ixv«d ipH «»ff«ct« 
1,1 7 
If <as an a l te rn«i t i /e onw rugaxds H '^^ v)^  «»s th« ^poxidizituj 
species on» entds up v.>ith thw tollovda^ rat@ uqudtion. 
k * H S ^ ^ I T ^*2 € *^ *3 '"\2C 'J^s**^****« -• compound ^ 
{^: 
This aqn. ^Lso f a i l s to explain th«.> o£>s« r^vo^ pH ^ff«»ct. 
fh« ph t i t r a t i o n ot li^^!i^ Ajdinst b - l jlvws th* infl<iiCtion 
^t i}X«3 «iqulvdltinc«i£ which su^j3:.ts t i a t simple pxotonation 
ecpillibrla (1-3} ««r« not Involve i here. Jd ide r and Jdhr h«»v« 
shown titut la th«j acidic tri«»dium, ortho.^a iad4te ch^n^i^s in to 
i.30 
vanadium p«intoxid«» which accord!ug to rlood and wo-v¥Oxic«r« 
gives pexoxyvanadic acid with aqueous hydrogen peroxide. If we 
ds^uine tha t H^^^I i s the epoxlaizinci &pttci«»!&» th« ^£obai»l«» 
oxidation mti»chanif»n i s us lollows 
un!»atuxat«d confound* H«/or ^ar.-.?^ (intexm® l i a t e coaiplex; —— (10) 
k-
(int«xm«diat# coa^pl«x) —-'<-^ iipoxid« + H^^O^ (11) 
i^ssutflingi steady s t a t e fox the conc^ntxation of the 
intttzmeJiate complax 
1-^  
<iitnd 
uqn.iJL2) though tixpl<sin& tho ^b^ervtd oxd&i of th«» xutaction 
vp'ith r»iSi->«fct to unsaturated compound, c a t a l y s t and oxid<*nt» i t 
f a l l s t3 explain tht' ob»toX/©<J pH &ff«ct l i ' ;« the previous r«ite 
equations. 
MOW If sis drt a l te ra*t i ' /« vv« aii .ura^ th* t K-N/0, I S ijan 
dpoxidiziig »peci«s, th® jjroo«*ble oxidation m(achiinis.'a i s as 
foliOMai 
uns^tura te j con*>ound*H~/0-2s;*:s3^ (iat«rmodi4t« corapl«x} —-•-• ^14) 
it 
iint«xm@di*t<i compI«x) 3 ^ cPOxidir* H-j/O. ————— ^ x^) 
Aftsiumiag steady s t^ t« for th# conc^ntxation of intttrt/iediata 
complttx 
te *K i / h _7 / N«-\^0. 7/" un&d UiX^ tad coapound V 
apoxldation xata « ±1-^" ' * 3 4-^ • W i l l i » « i — • — • 
I Ji6) 
and 
This biiisidds explaining th^r ^btiarvad ordar of the r«<iiction 
ij >•' 
with respect to uns«itux«it<a<i compouncJ, c«tt«*lyat «»acl th« oxidant 
also (i^xplains tti« pH dtipendi^nicy ot p«#xaxyv^ « i^dat«i c a t a l y s i s 
iTdbld &3,7i d-Ki 79) Vi^ ry w«ll. Ihe straiyfht lln© p l o t (F ig .b l ) 
bttt«v«ttin in/«jX3« of #poxid«itlon r«it« «i.'id iav<»xse of C^J ®^ ^" 
a9ro«(nttnt with @qn. (ij6). 
Inci««do In Ionic stxii^ngth cilti lot atfioct the ]r«iit«». lh«» 
&poxid«itij»n i<it& d<iicx«ased ds th« psxc^intage of wattfx in <dlcohol-
w<it««r . .Ixture decx@«tsed ldl@l*^ct Ic constant lower«d) but no 
l inear r e la t ion batwsen i c^ - «*nd d i e l e c t r i c con&tdrjt c^uld be 
noticed, oolvtmt and sa! t ef fects dtfscxibtd dbovt, 9lv« *f» 
Ins ight in to th« n*tux« of the t r a n s i t i o n s t a t e of th<* oxygen 
transf«x from th« pftxt&cld to tha doubl«i bond of th« o l e f ln l c 
subsitx«>t«* lh« r«;suXt» are thuti in accoxd \pilX.t\ 4n latxdmol<iicuiax« 
Goncertea reac t ion pr0jx«»3in9 «*t a i%jit«j subjt^ct to th© (iucl«o-
ph l l i c x e d c t i / i t y ot th« doubI« bond and the ectuilibxluro concen-
t r a t i on of unsaturated canpound p«»xvan«dat« «ist«r. A px«»C4id«»nt 
fox the fac l l# formation of «stex from oxides of txans i t lon 
«l«im«int$ could bv found xn chxonilc ac id , tu t';|Stattt <^i\<l molybd«t«»* 
oxidation. Kh^  t r ans i t ion &tat# a)ay b«« \/isuaXl^«»ct «s follows 
Figures 1>V and 60 
Thd two caxboxyllc groups ~tn tha same sid« of the double 
bond offex hlndexance in the formation of the Intezmm^late complex 
^n^ t h i s explains v/hy the epoxldation r a t e of malelc acid I s 
slower than tha t of tuntarlc acid* 
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"KINETICS AHD MisCtiANlSM OF THE bPQXIOATION 
ae FUMAHIC A^ID VITH AOifiOl/S HYDHOGisN 
PERCKIDfi CATALYZiD W SODIUM TUHQT^TATE OR 
SODIUM MOLYBDATH" 
M. Aijax B«g and IfUkhar Ahnad 
D«p«rtat»nt of Chtaittzy, 
Ali9«xh ilutliai Uiiiv«ztlty* AligaxH, 20aOOOi, 
I N D I A 
i;»2 
f^rtuctt Th» k in t t i c t of th« tpoxidatlon of fumwic aeid liy 
hydx«9tn p«jroxid» in th« pxtt«nc« • ! sodiuiK tungttatt or Kolybdat* 
h«v« b«wi tttj4i*4» 7Ufi9«t«t« eatalyMd •poxid«ti»n of funaxic 
•e id into tx«nt»«p03cytueclfilc aeid ! • f« t t« r th«n th« aolybdaU 
e«t*Iy««d ont* Th« r««eti«n is f i r s t erdss with Mspset to 
•ubstrsto «nd catalyst and saro ordar with raspaet to hydrogan 
paxoxida* Baaad on substituantt salvant* and salt affacts, tha 
Kachanisn of tha apoxidation stap is balaivad eonaartad with 
eonsldarabla polar (alaotrophil ie) oharaetar. 
|t^ TftQDUqT;OB[i A larga nunbar of papars and patanta hava haon 
dovotad to tha apoxidation of olafins with hydrogan peroxida in 
tha px9n9m» of soma oxy*»«aaipounda of ma tola suoh as w» Mo« v» 
OS, Tit Zr, Th, Nb, Ta, Cr, Ru, and Sa (JU9). Tha kinatic 
stydiaa of tha raaction of paroxytungatie a d d with aninas (iO)» 
a l l y l and suhstltutad a l i y l alcohols (Xl«*i3) ha¥a boon raportad. 
Latar Allan mm Naogi (14) atudlad tha apoxidation of raalaic acid 
vaing tungstata* aolybdata and vanadata ions as eatalyats. 
This papar prasants a quantitativa and eoaipaxativa study of 
tha catalytic act iv i ty of tungstata and aiolybdaU ions on tha 
hydrogan p*x9xi49 apoxidation of fumaric acid to trana* 
apoxysuccinic acid. Tha raaulta suggast that tha paroxyanion 
foxMd in tha ayata« acta aa oxygon carriar* 
tXPERliumiiLi riMsaric and naaaaonic acid aolutions wara 
standardiaad using bxoMata*bro«ida procodura (!&)• Tha hydrogan 
«»2« 
p«sexldt toXution «#•§ »t«n<laxdi ttd by tltxatlon against 
ptaMnganat* (16>« Zonie atrangth of tha raaetlan aixtuza 
waa Mintainad by tha addition of sodium parehlorata. in 
kinatie runs, tha coneantxation of hy<iX0:jan pasoxida was 
maasuxad eoloxinstxiaally (i7)« 
Af ttjr bringing tha xaactiont to tha thexnoitat tampaxatuxa, 
tha saaetion was atarted by tha addition of tha catalyat* 
Tsiathanolanina was usad to adjust tha pH« Tha kinatiea waxa 
followad by axaraining 5 ml aliquot portions of xaaction nixtuara 
fox hydxogan paxoxida* Tha aliquot waxa addad to taat ti^ Mia 
containing ^ ml titaniuia sulfata aolution (Titanium aulfata 
aolution waa pxaparad aa daaexibad alsawhara (17)) to atc^ 
tha xaaetion, Q|3tieal danslty was siaasuxad by satiseh and t o ^ 
Spaotxonie 20, at 420 m ^ , and tha aoneantxation of hydxogan 
paroxida waa xaad fron tha calibxation graph. Tha catalyst 
eoneantration was too ssiall to affoct tha coloxifRatxie astimation 
of hydxogan paxoxida. Evaxy xun was followad t i l l atlaaat ^% 
of tha xaaetion was ovax, 
^Pjfflf^g^Tlff^l 9f yR9WCT' Tha pm9m9 of txana-apoxysuacinia 
aaid in tha xaaetion nixtuxa was aonfixnad by Jungniekal* at al. 
(18) nathod. Taxtaxic aaid was dataatad (19) in a xaactian nixtuxa 
af pH 3 and ita foxm waa idantifiad aa dl by 8uahanan*a 
ahtonatagxaphia mathad (20}, 
/ 
••3* 
Mft^Hfr^TO AHg ftte?VlirT§» Tht p»>9x«tt of tho wacUoii was 
obscxvtd Iky Kcasuzing th« dit«|>pMx«n«t of bydxogtn ptxoxld* 
in tli« pxtt«fi«« of high cofKi«nt£«tioii of fui&arie acid (17 to 27 
timot) Mid v«xy SOMII coneontJNitioii of catalysts. Ihs plots of 
hydsogtn psxoxidt conctntxatlon against timo viazs stzalght linos 
with idontieal slop«s« psoude*taxo ordtr rato oonstant i s 
xopoxtad as k^^^* 
Figst oxdoj^  dopondonco of rata on suhstrato gonesntration. Tho 
I09 I03 plot of tho rata eonstsnts and itm^iic acid eoncontcdtion 
was a strai^^t lino with unit slops. 
giyst order dspondonco of xato on cstalvst c<^ncontgaUom 
Kii^tics was followed «d.th varying catalysts conoontrations 
ksoping othss vaziablo unchanged. Tho plot of log of tha rata 
constant against tho log of tho catalyst coneontration was a 
straight lino with a slops of unity. 
if fact of PH on tunosuto and aolvbdato caUlvaod opoxidaUon 
of fuaaric sfld. Tho pH of tho xoaction adxtuxo was variod hy 
tho addition of txiothanolaaina icooping othos vaxiahlo unchanged. 
Solvont Bffo^t. Tho reaction was ttudled in different alcohol* 
water •ixtures keeping other veriablea like teaperature and 
ionic strength unchanged. 
A^eeus solutions of hydrogen perojiide, catalyst and hydrochloric 
•eld were aixed under ONperiBontal conditions and liydrogeii 
i d 3 
ptz9xld« «•• tttiBiattd tif« hours af t«x utixifig* In ««•• of 
tiifigttat* tht daconpotitiofi of hydrogon ptroxld* i s nsgllglblt 
btlsw pH * and signifUsfit «i»ove pH 6« with Molybdat* ths 
dssonposltloii is ntgligibls only upto PH 4 snd tbovs that i t 
ifieraassd rapidly. 
Asid dissocist^ian csftstants of Wnastic and iwlvbdic acida« 
A^asfus solutions (0.02d M) of sodium salts WTtt titrated with 
0.62 M aquaoits hydroehlorie aeid and coneomitant pH was raad 
wil^ a pH«»atax. In aithar titimtton, only ona inflaction was 
obtainad at ona aquivaianca 9f acid addad. pK^  ^^  ^ ^ PH 
at tha half aquivalanca point and was j:9m4 fscm tha darivstiva 
plot (2 i ) . aafora tha f i r s t aquivalanca point, tha abundanca 
of HWO^  and HMod]^  apaciea waxa calculatad using tha foxswiia 
LH*] iMo; 1 
2 [mo21 
whara K, ia tha saeond dissooiation constant and M i s v or 
MO. 
At any point aftar tha f i r s t a^ivalanea, LHMO]^ J i s 
{^ HMO^  3 at tha f i r s t o<|uivalanca point sinua \;}i^0^] foxmad 
iipto that point. 
T A i t - I -A 
Ft«iid«*itxo Ordtx R«t« eonttantt lor th« Epoxldatlon of 
ftt«»i« Mid by itydxo9«fi P«soxi^ in Px«t«fiet «f T^ngttat* 
ox Molybdato 
\pitiMrie Add] • »• 33x10*^; Toap. 3^ »^ |iH • 4.0 
I m .1 III II !!• • n i i i M i n III! «• nil • • • • n i l « ! • • I •mi l Imii i • I 
^HjO^lst iO^ Sediun tmigtttto Sodiun aolybdato 
H k^^xiO*(«olot r^ in*^) k^^xl0*(«olot T^iiln'^) 
2.00 1.7* 1.08 
2*2a 1.77 1.07 
2.90 1.77 1.0«J 
2.75 1.7i 1.09 
3.00 1.76 1.07 
T A g It B *a 
Flrtt OrdtY Dtpondonco oi Tungcttto or Molybdato C«t«lystd 
gpoxlditlofi ROto of Funarle Acid on tho coneontxatlon of 
Fuwiric Acid 
^HjO '^^ * a.0xi0"^, iMOjWO l^ • C«*«s^ »<^ 4] - lO.OxlO'^ M 
TOi^ >. 3d^ t PH « 4.0 
[^ piuMtU •eld'] K iO* SodluM tungttato Sodlun Molybdato 
M k^,xl0*(»olot r ^ l n * ^ k^j^^xl0*(»olot T^wtn"^ 
2.44 0,99 d.4» 
3.33 • 6.81 
4.00 13.4» d.09 
4.44 1».»8 9.»3 
S«33 17. dd 10.90 
. ! • ! 
• 6 -
Flxtt 07d*7 D«ptnd«nct •£ Tungttat* •» Molybdat* C«Ulys*d 
Epoxldatlon R«t« of punarie Acid on catalytt eene«ntr«ti<»A 
[HjOg'^ • 2.axX0*T«j tpura»»l« ac ld l • *• 33x10*^ 
pH « 4,0» T«rop 3o® J |i • 9.0xiO*^M 
d*0 
10.0 
15.0 
20.0 
25.0 
30.0 
9.2i* 
17. dO 
26. d5 
37.33 
45.20 
T A » ^ § 
5,0 
iO.O 
i5 .0 
20.0 
25.0 
30. 0 
Z± 
• 
10.7i 
16.23 
2X.56 
27,02 
32.50 
D«p«ndtnct of Tungstat* or Molybdoto Catolysod £poxldation 
Rato of Fumaxic Aeld on pH of tho Modiim. 
Cpumaxlo aoid"]- 4.d4xl0"^ j tN«aWO^ ] • i . «i2xlO "*KI| 
[NOj^ oO^^ • 1 .0xlO' \ i tHjOgl • 2.27xl0*^«l To«p 38® 
ipoxldaUon 
PM 
3.0 
4.0 
5.0 
6 .2 
7,0 
Sodiun tttngatato 
^ob.'^ A^* 
(Moiot r^«i»*^) 
0«d5 
i«73 
7»<i5 
3.22 
2*73 
Sodium Bolybdato 
" * . » » ' 
(noloa JT^UC^ 
6f42 
9,56 
« 
« 
i J.N 
•T* 
T A J L i * » 
Dtp«nd«net of Tung«tat» ox Molybd«t« C«talyx«d Spoxidatlon 
R«%« 9f FuBMrle Aieid in Ethanoi»w«t«r Mlxtur* en th« cwpotltion 
' of liJit Solvont 
^^KjOj] • 2,0x10* ^ M J ^''^a^^Al • •^•°«J^« 
I punaxle aeid^ « 2.66M % Tooip 38^ I PH • 4.0 
Sol vont 
^% othonol 
15.4^ • 
31.3^ • 
aO^ • 
ao^ 
0 
7d.a* 
69. &• 
60.0* 
«> 
•> 
( t»aut / l dcohol} 
T A 9 Ir 
Sodium tttfltfttoto 
^'obo*'^ 
(molot 
E «.6 
r^min'^) 
d.d9 
7.43 
d . l 2 
2.96 
a-94 
sodium molybdato 
k ^ xiO 
(molos l**«ln*'*^) 
5.43 
4.9!^ 
-
I.d2 
l . o l 
oopondoneo of Tungttato Catalysod gpoxidotion Roto of 
Motioonio Aeid on tho coneontrotion of Kydz-ogon poxoxido 
[ N I J W O ^ I • 1.0xlO**ilj [Moooeofiie oold] • 5.33x10*^ 
TOMp 38^ { PH • 4 . 0 
LHjOjl xlO' 
M 
2.0 
2.5 
3.0 
3.» 
^'obi*^' 
(nolot rVln*^ 
4.29 
4.26 
4.28 
4,29 
* TM 4itl«<%yi« oonttoat voluot liivo boon tokon fson 
rtOtt* Artllllt A. * ORd POOViOfI* HAph G. , " K i n e t i c s and 
Mechanism" (2nd ed.)) p. 146, John Wiley and S o n s , I n c . ,196 
m$tm 
I .> 
T /I > Ii i *? 
Otp«nd«nc« 9f tUngttat* or Molybd«tt catalyiad Epoxldation 
Rftt* of Foaasio Mid on tho Ionic Strongth of tho tttdium 
Tmp 38*' IPH • 4,0 
Zofiio Strongth 
3*0 
4«ft 
7.& 
9,0 
12.0 
Sodiuai tungttato 
'^ob.'^ ^^^ 
(fliolot r ^ «in*^) 
17.60 
17.42 
17. dl 
17.^5 
17.69 
17.;J3 
Sodium molybdato 
^ob»*^^ 
(nolot r ^ «ln*^) 
10.00 
10.73 
10. dl 
10.09 
10.77 
10. d4 
OopoAdoneo of [HMd^  1 on pH of th^ Modlum 
PK^  f^r tttngttle acid • 6.9t piCj for nolytodlc dcid"t>.4t) 
[MOjlO^'i "I^ HO^WOO ]^ . 25 .0xl0*\ l 
PH 
3.0 
4.0 
4.7 
d.O 
6.0 
7.0 
[H«(Oj]xJO^I« 
17.99 
21.78 
24. d9 
22.20 
11.06 
1.03 
PH 
3.0 
3.6 
4.0 
&.0 
6.0 
7.0 
[HMO5^ ] X lO^M 
22.92 
24. 6& 
18.43 
3.49 
0.66 
0.07 
«9» 
If^scyssiOM t Oax 4«t« pv«ttnttd h«xt» show t h i t th« ntaetion 
ufid«z inv«ttlg«tion i t f larst oxd«£ with vctptet to tht tubstratt 
( T«bl« 2) and th« catalyst (xabla 3) and la x»x9 axdax with 
sraapaet to hydxogan paxoxldo (Tabla i ) . Zn aquaout tolutiona, 
tungttata and molybdata lont hydxoXyta into tha aeid anlona. 
JIK)]J • HjO '• •"* mol f OK (X) 
M baingi Mo ox w. Tha axpaxituantal avidanca claaxly indic<itea 
that hydxogan paxoxida doaa not oxldiza funaxic aeid dlxaetly* 
Zt xathax auggasta that hydxogan paxoxida xapidly and eoMplataly 
oxidizaa acid aniona into paxoxyaeid anions. 
Zt may ba xaeallad that tungstic and molybdie acida axa eonvaxtad 
to paxoxyacids (22t23) whan txaatad with aquaous hydxogan 
paxoxida. Tha aoda of pH dapandancy auggaata that paxoxyaeid 
anions axa tha apoxidising aganta. Tha pxababla oxidation 
nachanian is as followsi 
k 
HJP * HIIOj ^ ^ ^ ZntaxMdiata coisplax (3) 
Zntaxaadiata complox * .>• l U i *** HMO^  i^x 
Whaxa H . ' ***^ ^2^ xopxtsaot funaxie acid and txana* 
apoxyauaeinie acid xaspactivaly. Assuming steady atata fox 
tha canplax* 
Ipoxidation xata • k* I H J T 1 [}9Ki^ ] 
whaxa k* 
hh 
^^l^ h 
1 {) ) 
sine* in •aeh t« t th« cone«ntr*tion of catalyst «dd*d was constant 
at was tha PH» tha rata aquation (a) can ba rawxittan ast 
Epoxifllation r«ta • k» ^H^F'] ^Na^WO^] (6) 
Thia axplalns ths ordax of tha ze«iction with ras{>act to tha 
aubstxata, catalyst and tha oxidant. 
Tha pH dapandancy of tha psocasa as i l lus t rs tad In tsbla 4 
cannot ba axplainad by aquation ( i ) olona which auggasta a 
daczaasa in tha coneantratlon of MO? and an inezaasa in tha 
concantzation of HMd^  with daczaasa in pH* in acid roadiufii. tha 
oxyanions undazgo pzotonation as t 
«04 • H* ^ ^ mo* (T) 
HMO* • H* ^' ^ HjjMO^ (d) 
I t is Obvious fzoiTi thasa acjuilibzia thattHMO]^ ] w i l l dapsnd 
upon tha acidity of tha madiuta and w i l l ba optinum a t a pazticulaz 
PH and that this optiautr. w i l l ba diffazant with diffazent pazoxy 
anions* xn casa of tungstato, tha concantzation of miOl is 
maxiiURi ozaund tha sana pH (Tabla 4) and i t f a l l a off zapidly 
thazaaf tax duo to zapid daczaasa in the concentration of mol* 
4 
Tha catalytic octivity of sodium Molybdata haa alao baon studiad 
in solutions of PH 3 to 4 , but unliko tungstata catalyais, 
•olybdata catalysis doaa not ahow an optiaum, and it zathaz 
inczaasaa with pH zight f zoa 3 onwazds. This is bacausa tha zata 
has baan naasuzed in tazms of dlsappaazanca of hydzogan pazoxida 
•li-
which alto dl»«pp««xt toy dtconpotltlon. H«nct th« •xp*et«4 
<itert«t« In eatalytlc aetlvlty of Nt^oO^ at higher pH could 
not b« dttt«t*d du* to Inoroasod doooinpotltloA of hydxogon 
poroxido. 
A eompaxition of tho opoxidation xato of mvtaeonie and 
fiMarU aeidt thew that tht pf %•()&• of methyl gxoup at tho 
doublo bond i* atrongly sato onhancing* This pointa to an 
•laetxophilie addition and ia ganaxally obaaxvod in tha 
coxxaaponding xaactlona of oloflna with oxganio paxacida and in 
othax thxao cantax-typa additiona (24«25). A bxiaf atudy of 
aolvant and aalt affact (Tabla o and 7) givea ^n insight into 
tha natuxa of tha txanaition steita of tha oxygon txansfax fxoia 
tha paxacid to tha doubla bond of tha aiidbatxata* Tha absanca of 
a salt af fact and nodaxata xaduction in xata with dacxeasa in 
tha dialaetxic constant of tha raactlon iBadiur» diacxadit any 
polax. atapwiaa addition machanisiBS Involvii^g chaxga*aapaxatad 
intaxraadiataa visualiiad fxoiti an attack by an O^H fxagnant (26) 
tita xasulta axa thus in accoxd with an intxamolaculaxt ooncaxtad 
xaaction pxogxaasing «t a xata aubjact to tha nuclaophilic 
activity of tha doubla bond and tha aiiuilibxiun concantxation of 
fumaxlc paxtungatata and fumaxic paxnolybdata aataxa pxasant. 
Tha txanaition atata daacxibad balow ia analogous to tha t 
viaualisad aaxliax fox othax unsatuxatad coflv>ounda (i2) . 
H COOH 
X / 
C 
11 > 
c 
HOOG y\ H 
>X2* 
0 - H 
lu3 
H 
• > 
M 
^0'' 
H 
HOOC H 0 
^ 
o 
II 
M C 
V -^ \ 
*^ X^ ^ o Oil 
/ ^ - ^ / 
^ V ^ \ • 
Th« l«xg9X valu« df tungstat« catalyzed •poxldatlon rata 
constant in eonparlslon to laolybdata catalysed ona i t a 
rtflactioJi of tha gxaatar t t i^ i l l ty of peroxy anion of tungstata 
tinea within tha tana g;roup of Paxiodic Tthla, ttaJ»ility of 
pajroxyanioA incxaatad with incxaating atomic weight (27) and 
thit i t in confoxaiity with oux xapoxtad pK^  valuta. 
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•KlfMtict and M«eh«nlm of th« gpoxidation of cxotonaldohydo 
by A«|utout HydTogtn pozoxldo in tht Protoneo of Sodium lungttato 
or Sodium MoXybdatt" 
BY 
»• Aijos Bog^ «nd Iftikhor Ahnod 
Oopaxtnont of choaistary 
Aligarh Mualin Vnivortity Alig^'t^t 20200X 1, N D I A 
ABSTHACT J* Tht co«p«xativo kinoties of tho opoxidation of 
crotofMldfhydo by hydzogon ptxoxidt in tho pxoaonco of aodium 
tungttatt and aodiuoi atolybdato was ttudiod* Sodiun tungatato i t 
a bottor catalyst than aoditrn aolybdato fox tho oonvoxsion of 
csotonaldahydo into 2»3*apoxybuty«aldohydo* Tho roaction i t 
f irs t ordtr with rttptct to tubttratt and eatalytt and Z9xo ordtr 
with ratptet to hydrogtn ptixoxldt. Battd on tolvtnt and t a l t 
tfftcttt tht latohanitnt of tht tpoxidation tttp i t btlitvtd 
conctrttd with eontidtrablt polar (t ltctzophil ie eharaettr). 
INTRODUCTIONi* Although organic ptxaeidt'*' art gtntrally uatd for 
tho opoxidation of alkontt* conpoundt having strong oltctton 
withdrawing aubstitutnts d o s t to tho doublt bond aro not 
tpoxidixtd by organic ptracida? iftwtvtr* in thtst casts hydrogtn 
ptioxidt in tht prtstnct of inorganic compounda of aotals such as 
W, MO, V, OS, Ti, Zx, Th, lib, T«, Cr, Bu and S t^^ art ustd for 
tht tpoxidation of unsaturattd ctMptunds. Mugdan and Young oado 
a ^a l i t a t i v t ctnparison of os»ict tungstic, Molybdic* tantalict 
titanic and atltnious acids as catalysts far tht dirtct addition 
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• f hydsogtn ptxoxld* to tthyltnlc conpounds. L«t«x P«yii« aiul 
wUlitnt a€hi«v«tf th« •poxldatlon of o<^t fi ^unsaturated acids 
and aldthydss in tha pxastnea of sodlua tungstata and salanium 
dioxida, Tha kinatic studios of tha raaction of partungstie acid 
with aainaa^ and allyl alcohol s^ ^"^ hava boon xaportad. Racantly 
wa hava studiad tha klnatlcs of tha apoxldatlon of c<> /^  •un* 
aaturatad acids '**^  by hydxogan paroxida In tha i*x9B9nc9 of 
tungstata* aiolybdata and vanadate catalyata. 
This papax presents a quantitative and toa^rative kinetic 
study of tungstata and molybdata Ion catalysed epoxld«itlon of 
erotonaldahyda by hydrogen peroxide. The results suggest that 
the pexoxyanlons that are foxtnad In the system act as oxygen 
carriers. 
All the chealcals used wer« of Reagent (B.D.H) grade. 
Csotonaldehyde aolutlon was standardised using bromate bromide 
procedure. The ionic atrength of the reaction mixture was 
Mlntalned by the addition of aodiun perchlorate. The pH of a 
reaction silxtare of id ml M/» crotonaldehyde,4 • ! M/900 catalyst 
and 3 »l M/aO hydrogen peroxide was 4.45. The pH on the lower side 
was adjusted by perchloric acid and that on the upper side by 
ttlathanolamine. 
ReqMlred volumes of crotonaldahydo* catalyat and perchloric 
•eld solutions were added to the reaction flask kept Immersed in a 
Us 
th«mott«tie b«tlu Anothtv flask containing solution of hydrogon 
poYoxids was alto kopt in tho saaio bath, THo zaaotion was staxtsd 
by adding tho roq^^'*^ voluno of hydrogon pesoxids in tho roaction 
nixtuYo, Tho pxogross of tho jroactien %was followod spoetzophoto* 
notrieally by pipotting & ml a l i ^ o t s of tho zoaction mixturo 
and adding i t to a u s t tubs eonUining titanium sulf«to solution 
to stop tho roaetion. l U optical donsity was moasurod by Sauseh 
and LoiBb Spoetzonic 20» at 420 ran, and tho concontsation of 
hydrogen pozoxido was zoad from tho calibration graph. Tho plots 
of tho eoncontzation of hydzogon pozoxido vs. timo wtro good 
straight l inos, and tho zatos woro dotezmintd fzom tho slopes of 
those linos. No plot contained less than ten points. Pseudo* 
zero ozdez rate i s reported as k^ |^ .^ 
Tho presence of 2»3-epoxybutyraldehyde in the reaction 
mixture w99 confimed by the method of JUngnickel, at al. method. 
The plots of hydrogen peroxide concentration against tio^o 
(Table 1) were staaight l ines with identical slopes. This indicates 
toro order dependence of rate on the hydrogen peroxide concentration 
THo plot of log of k .^ and log of the oretonaldehyde concentration 
(TAle 2} was a straight lino with unit slope and this shows f i r s t 
order dopondonco on tho or o tonal dehyde concentration. The unit 
slope of the plot of log k^^ against log of the catalyst 
ooncoAtration (Table 3) i s indicative of the f i r s t order 
dependence of rate on the catalyst concentretion# 
U) : a 
III aqueous Mlutiofiti tiifi9St«t« and molybdat* ions 
hydxolyta into tha acid anions 
MOJ* • «* > HMO* —— (i) 
^% • H* '^ - Hj^ O^ * (2) 
M baing Mo oar w« I t may ba raeallad that tungttie and 
XT Id 
nollFbdia acids axa convaxtad to paioxyacids'*' *'*' whan traatad 
with aquaous hydxogan pasoxida, Tha axparinantal avidanea eiaarly 
indicatas that hydrogan paroxida doas not oxidixa erotonaldahyda 
dirsctly. I t rathax suggaats that hyorogan paroxida zapidly 
and coaplataly oxidixes acid anions into peroxyocid anions 
HMO]J • HjOj '> HMCg • HjO — ™ . (3) 
Tha poxoxyacid anions than bxing about tha apoxidation 
wa hava xapoxtad aaxliax^ that \ HMQJI^  ] i s pH dapandant.[ HWO^  1 
i s naxisum around PH 4.7 and ^HMoO ]^ i s oMiximuH axound pH 3.6. 
Tha apoxidation xatas xiaa with pH and axa ffiaxiiaaiB (Tabla 4) at tha 
PH at which tHM04^ i s aaxiuttir. and thaxaaftax tha xatas fe l l as 
\md^ 1 fa l l s with fuxthax xisa in pK* Thia claaxly suggasts that 
paxoxyacid anions axa tha apoxidlsing aganta. Tha pxobabla 
oxidation oMchanisa i s as followsi 
CH^ CH • CNkCHO • HMOl r'y " V (intariaadU ta eonplax) • (4) 
(intaimadiata complax) ^ " > CH^ G^ll'^ ^^ --^  CH»CHO + MMOj •(&) 
AstwKing staady stata fox tha coneantxation of tha int^xaiadiato 
aanplax* tha apoxidation xata i s givan asi 
* , / 
w j ^ 
k' • ^3 fc/ (te.3 • k^ 5 
Sine* th« t9m*%Un 9t md^ f com KMO^  it in*UnUmmf ttnd 
•(Hnii4«ti0fi x^U - k» CHj*CH • O^CHO HMOj — • (TJ 
tti« e«t« iyt t At fvtsy t t« i« in tho pi^e«t» i s distribut««il in 
Th« eone«ntx«Uon of thd intttxi^9dl«t« e«iapl«x in 9<^{4) i« 
n«gli9ll»l« in eomp^Yiton to othtir t»xm« of tho •t^iu H«nc«f 
SubsUtutina tho vidutt of HMO]|^  froei oquililisritm I «n«l 2* «tnd 
•qn.(9) in •«in.(t) ienc^^H*l(;M«2^0 '^J^«H3-CH • CH-CHO] 
•poxid«tion x*f • '* • "' ' '• ' "•' " '2 •§ '"'""" • • • l i O ) 
This fxiilsins tht osdsir of tho jrosetion witli v«sp«st to siii>§t«ftt«» 
GAtslyst «nd ths o«i4«nt» 
Tlio fW dtponaoney of tho f>«oeoss «s illyst«ot«id i n pig. i , 
Tol»io 4 i s voxy wsll OMplsino^ ky o<yi«CiO)« At tiio lii9liojr m§ 
ths squiltJt»iriuA 2 bsso^Mis insi^nifiesnt* Thsi:sfors» ths t s m 
K^K^tH ~] in sqn«(iO) son ho dtoppsd to ebts in scin»(ii) . 
•6* 
•poxldatlon rat* » * >• ^ "^'^'' j ' • • -—(IX) 
1 1 
Th« plot b«tw«4«i 1^  Vt. y^» L ^** >»i9h« PH wh«r« 
tquillbirluiR 2 i t intignifleant) i t « ttri ight l int and i t 
eorrasponds to tho tteond past of Fig*!* At lowaz pH tho t«xm 
K^ K» ^^H*^  ] ^ gaina aignificanca and ita valua riaaa rapidly with 
riaa in tha eoneantration of H*^  and tha rata thua fal l a off 
with fal l in PH in tha lowar pH ranga. 
A briaf atudy of aolvant and aalt af taot (Tablaa 9 and &) 
givaa an inaight into tha natura «df tha tranaition atata of tha 
oxygan tranafar from tha paracid to tha doubla bond of tha 
aubstrata* incrtasa in ionic atrangth did not affect tha rate* 
Tha apoxidation rata daeraaaad aa tha parcantaga of watar in 
aleohoUwatar nixtura daeraaaad (dialactrie constant lowered) 
but no linear relation between k^ and dialaetrie constant 
eould be noticed* The reaultt are thua in accord with an 
intranolacular, concerted reaction progreaaing at a rate aubjeet 
te the nucleophilic areactivity of th* double bond and the 
e(|ttilibriuai concentration of erotonaldehyde partungatate and 
crotonaldahyde peraolybdate eatexa preaent. Tranaition atata 
nay be viaualixed aas 
H CNM 
OHC -^ XH 
i/2 
0 «.~ H 
\ 
0 / 0 
M 
0 ^ 0 
H ^CHg 
0 '' ^ J-
H 
0 
\ 
^ / 
0 0 
OHC H 
Th« (l«t« in tabl* 1 show th«t Among tht two c«t«Iytt systoms 
lnv«tti9«t«d» tht tuAgstato i t tuptrioz for tht tpoxidttion of 
exotontldthydt. This may ht « rtf l tet ion of tht grtatex stabil ity 
of ptsoxytnion of tungstttt sinet within tht %mm group of ptriodic 
Ttblt this inexttsts wiiUi inorttsing ttcMoic wtightif i 9 
t« Tht tuthozt txo gratofvl to Prof, wtsiux Rthntiij 
Httd of tht clittiittry Dtptrt»tnt» for i^roviding rtsttzch f a e i l i t i t t . 
Thanks art alto Ait to Ctuntil of Soitntifie and industrial Rtstazoh 
(India) for tho finantial assistaneo to ont of us (I .A.) . 
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I A I V I z I 
pt«udo*s«]r« Oxdtr R«t« fox th t fipoxidatlon of Csotonald«liyd« by Hy4rogon 
poroxidt in tho Frosonco of ttengttato ox Molybdato. 
^^HOjWO^ -^ [N«J^00^'\ • 16.00 X iO"'Ml[cvot9Rald«hyd«] - 6 . 0 0 x 1 0 * ^ 
PH» &.0 } Toap** 40^C } )ii « 48.00 x 10*^M 
Sodlun tungttato Sodium nolybdato 
(M) ( w l * i*^lB*^) (BOU r\i ln"^) 
2.00 
2.50 
3.00 
3.d0 
4.00 
20.05 
20.00 
20.20 
20.03 
20.10 
T A & i i 1 * . Ji 
13.33 
13.25 
13*30 
13.24 
13.29 
f Irot Osdor D«pondoneo of tungttato ox Molybdato catalytad Epoxidation 
Rata of cxotonaldahydo on tho ConeontMtion of cxotonaldoliydo. 
[ H J O J ] • 3.00x10*^1 H^OjIlO^ '^  • fNa^ MoO ]^ - K^ .OO x 10*M 
pHi 5.01 Toiap., 40*Ct fi - 48.00 x 1 0 ' \ 
Sodiim tungatato Sodiuai nolybdato 
[Ctotonaldohydo^ x 10^ "^ oba**^ * *^ oba* ^^ 
(M) (nolo r i aiin*^) (nolo l*^in*^) 
13.30 
20.00 
2fr«7l 
33.20 
40«30 
4,00 
9.00 
12.00 
15.00 
18.00 
20.05 
25.10 
39.20 
41.87 
• 
/4 
•9» 
T A B l 6 > I 
rift Otd^t Otp«nd«nct of TUngttat* or M«lybdat« C«t«lyM4 
£poxttf«Uon R«t« of CYotoMldthydo on coUlyt t coneontxatlon 
pH, a.Oi Tonp., 40^ CJ Ji • 72t00 K JW 'h 
iNOjWO^l xiO* 
(M) 
d«oo 
12.00 
U6.00 
20.00 
24.00 
k^^,xiO* 
(nolo l*Tiin"' 
10.01 
12.70 
20.10 
22.30 
30.50 
Jt^ NtjMoO ]^ n }Xy^ 
') 
lAJLLJLz A 
iu) 
d.oo 
12.00 
16.00 
20.00 
24.00 
k«b,>c 10* 
(nolo l*Tnln*'*) 
0.07 
10.00 
i3 .33 
16.66 
20.32 
Dopondoneo of tungsUto or Molybdato c«t«lyz«d Mpoxldatlon Aato of 
CrotofMldohydo on tho fm of tht Modiue. 
tH^Ojl - 2.a0xl0*^MJ [Na^ WO l^ • tNa^^oO l^ « 16.00 x 10*\l 
lcn»ton«ldohydtl • 6.00xlO'Sll yi • 6a.00 x 10**m To«p. • 4 0 V 
fipoxldfttlon 
PK 
3.00 
4.00 
6.06 
6.06 
T.OO 
SodiuM tungttato 
^«*»e* ^ 
(•olo r ^ l n ' ^ ) 
12.40 
16.31 
20.16 
16.16 
6.62 
Sodium nolyt»d«to 
k . X 10* 
9m^ {aolo r ^ al»*^J 
6.66 
i 3 . 9 l 
13.32 
a . 66 
7.46 
1/5 
mlQm 
T A g t B * i^  
Otptndtnet of tungttat* or Molybtfatt cotolyiod Epoxidation Roto of 
Crotonaldthydo in Bth«nol*w«tor Mixtuxo on tho Conpooltion of tho 
tolvont* 
{jCiotonoldohydtl • 6,00x10*^1 PH* &.0| To«p. » 40*C» fi " 48.00xlO*^M 
SodiiiB tungtUto 
Solvont 
% of othanol 
c 
10.2 
ld .4 
31*5 
!>0.00 
Dioloetxio 
Constont* 
7d.& 
72«d 
69* d 
M , 0 
• 
^'obi* ^ 
(aolo r ^ l n ' ^ ) 
20.01 
19. d7 
18.10 
16.7d 
12.;»1 
Sodlua aelybdato 
(nolo r f » i n * ^ 
13.33 
13.01 
11.66 
10.03 
6.66 
^ o dloltootrie conotant voluos havo boon takon from A.A.Froft and 
R,Q. poarson* •Kino t ies and Mocha nit m* 2nd od. • p. 146* wiloydntor-
•clonoo), Inc. • Now York, 1961. 
T Aff ^ 8 4 
Dopondonoo of TUngstato or Molybdato catalyxod Epoxidation Rate of 
Crotonaldohydo on tho Ionic Strength of tho Modiun. 
^ ^ 2 1 ' ^ ^ * ilO*^! \^C*otonaldohydo] - 6.00 x 10*^ 
[HOJIO^'] • N^ajjMoO^ ^ • 16.00 X 10**{ PH, 6.0 I Tomp., 40*C 
onio Sttongth 
( /i X lO^ M ) 
T.OO 
6*90 
16.00 
12.26 
Sodiiitt tungotato 
k^.x 10* 
(nolo r^iiin'^) 
26.06 
20.03 
20.16 
19.97 
26.00 
Sodiuit aolybdato 
*o6o« ^ 
(nolo r ^ i n * ^ ) 
13.32 
13.29 
13.24 
13.33 
13.31 
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KINETICS Am mSHMlSm OF THE EFOKIOATION OP IIALEIC Af® 
lUMARIC ACIDS BY KyDROOBi PERCKIOE IN THE PRiSENCfi OT 
SODIUM ORTHOy^ ANADATE AS CATALYST 
BY 
M, AIJA2 3&Q* AMD IFTIKHAH AHM^ 
Dtp«xta«nt of cH«ai»try«Ali9«xh MuslSst univ«rtliy»Ali9axH,202001 
I N D I A 
HfTHQaicyiCffi Th« lmpoxt«ne« of •poni4»t • • induttrUl ehmical 
Intexmodlatot i t atttttod Hy tho i%fr woxldliito pzoduetlon 
capaoity whloH was ovoz 5 lillliofi lb,/y«arf'^ Orfanlc paraeldi 
aza ganaxaliy uaad fox tha apoxidatien of alkanaa* canpaumia 
having atrang alactxonagativa aubatltuanta adjaeant to doubla 
bond ajra not apoxidUad liy organic paxaeidaf Howavas* in thaaa 
eaaaa hydrogan paroxlda in tha ^raaanca of Inorganic eompounda 
of Motala auah at w, Mo. V, Oa, Ti» Zar, Th» Ot, Ta, C*, m and 
Sa"^ aara yaad for tha apoxldation of Mnaatosatad eoMpounda. 
Magdan and Young** aada a 4palltatlva aonpaYlaon of ooMie* titngatle* 
•olylidia* tantalUf titanie and aalanlaiia aolda aa eatalyata fox 
tha dixaat addition of hydxogan pavoxlda to athylanla eooNpaunda* 
iatax Payna and vUliaiia aahlavad tha apoxldation of c< »|% «un>» 
aataxatad aaida and aldahydaa in tha pxaaanaa of aodliM tungatata 
^ Balaniun dioxida* Tha klnatla atudiaa of tha xaaation of 
paxtungatla aaid with aalnaa and allyl alaohoia "^'^ hava haan 
xapottad. in owr oaxliax aoMittniaation on apoxldation of ftmaxie 
aald ^ hydxagan paxoxida in tha px9§%m9 of «alyhdata and 
tMAgatata aatalyata* w hava ohaaxvad that poanolytodata and pa»» 
tungatata aniona aat aa axygan caxxlaxa. 
1 iS 
•a» 
This p«ptr pMMntt « quantitttivt and e«ap«x«tiv« klntUe 
study of th* •poxidatlon of valoic and funaxlc acids by hydzogan 
pavaxida in tha px%%%t»% of aodiuai oxthovanadata as catalyst* Hio 
opoxldicarlioxylic acids should bo of potantial eoanaxeial intaarost 
bacausa of thais oasy cofivarsien into dialkyl tin opoxysuecinatas 
which ara iapoztant plasticixaz^stabilisors fox polyvinyl 
IK 
chlosidas as wall as for cross* linkable apoxy*c on twining film* 
foxMing polyaaidas* 
EXPEtlIMa^ Titf.1 All tha chamicals usad «wxo of fiaagant ( 3*0«H.) 
gMda* Malaie and fuiaayie acid solutions wara standaxdisad uaing 
bcoiaata-bxoBida pxocodurar Tha ionic strangth of tha reaction 
nixtuxa was waintainad by tha addition of sodtun pazchlorata. 
Hoquirad voluma of tha unaatuzatad acid and tha catalyst 
solutions wars aidetl to tbd xtfa^tion fldsk liept iuiraersad in a 
thaaaeatatad bath. Anothar flaak containing ablution of hydrogan 
poxoxida was also kapt in tha saao bath, tha raaction was staxtad 
by adding tha xo^ixad voluma of ^ydragon pvxoxida in tha xaac tion 
aixtuxa. triothanolteino was uaad to adjust tha PH of tha 
raaction aiixtuxa* Tha pxograaa of tha raaction was followed 
apottrophotoaotrioally by ptpotting 5 aa ali^juota of tho raacUon 
•ixturo and adding i t to a tast tuba aonUining titaniuB aulphata 
solution to atap tha raaction. Its optical density was aieasurad 
by sausch and Lenb Spoctronic ao, at 4a0 sifi, and the conoentratien^ 
of hydrogen peroxide was xead fxoa the calibration graph. Every 
i / 9 
Mn was followed until roaetion was at laaat 7i% c««|»lat«. Tht 
plots of eoneofitration of hydrogon pozoxidt vt. ti»t woxo good 
•tiftifht liiioa» and tha xato «os« obtainod isam tho alopoa of 
thoao llnot* NO plot eontainod loot than ton points. Paoudo* 
xaxo ordox «ato rtportad aa k^ ^^ .^ 
Bof<j>ap9flti9n c^ f Hydyogoi^  f ?ff«^^ ^y ^o^ixm Oy^fvaiy^^^. 
Aquooua aolutiona of hydvogon pavoxido* catalyst and hydj^* 
chloric acid wars nixod undax oxpoximental conditions and hydxogon 
poxoxido was ostiiaatad aft@z 4 hours. Zn tho pxatonco of vanadatOt 
tha docoBiposition of hydxogon poxoxida was negliglblo batwoon pH 
3 to 7 and significant above pH 7. 
IPIWmifffflffW 9f PR9a/gTg Tho psosanca of apoxysuccinic acid 
in tho xaaetion alxtuxa was cenfizinad by tha nathod of jungnickol, 
19 
at air MO tartaxic acid could bo datoctad in tha xaaction mixtuxo 
abova pH &. Howavax, at pH 4 tho tast fox tartaxic acid^ was 
positiva and i ts fona was idontifiad by Buchanan's chxonatogxaphic 
Method. Tha iU valuaa auggoat that sMloic and fUnaxic acids 
fiva maao and dl foxaa of taxtaxic acid xaspactivaly. 
Tho plota Af hydxogon paxoxido concantxation agalnat tiaio 
(Tabic I) waxa stxaight linaa with identical alopoa. This indieatai 
MM oxdax dapandonco of rata on tha hydxogon paxoxido coneontxatlc 
Tha plot of log of k K. *'^^ ^^9 ®' ^* concantxation of unaatuxatad 
1 8 
mid (Tibl« 2) w«t ttiralght liii« with unit slop* «ii4 this 
•hows iift ordtr d«pttntf«f»« tn the uii9«tuxat«d add e«nc«ntv«tl«fi. 
Th« plot of I09 k^^ against I09 •£ tli« ««t»lytt «oii«antx«itlon 
(Talila 3) ivat again a straight lina with unit slops Mtid is 
indieativa af tha f i r s t ordar dapandan«a of rata on tha catalyst 
«an6antr«tion» 
Prilininary atudiaa hsva shawn thst undar our axparinantal 
cenditiona. hydrogan paroxida doaa not bring ahaut apoxidation 
of malaic and fuowria acids without tha c«t«lyst (vandata) and 
also tha catalyst alona (without tha oxidant) fai la to bring 
about tha apoxidation. Thia claarly aug^asta tha involvsaant of 
aono «»ro oxyganatad foxn of vanadiuiK in tha procass aa oxygon 
carxiar* Jandor and Jahr'^ '^  hava ahawn that in tha acidic raadiun, 
orthovanadate ehangsa into vanadiuM pantexida* flood and co»workarf^ 
hava raportad that vanadiusi pantoxido dissolvaa in hydrogan 
paraxida watar nixtura giving paroxyvanadic acid. I t ia thua 
prasuKSd hara that psroxyvanadic acid ia tha apoxidiaing spaciaa 
and in a rata controlling atap i t raa«ta with Mla ic and funaric 
acid giiing apoxyauccinic acid and generating vanadic acid back* 
Vanadic acid ia than reaoavertad into paroxyvanadic acid by 
hydrogen peroxide. The following aatna to be the sioat prababla 
aiechanissi. 
li 
N ^ or HjP • HjVO^ ^ '^  (intarisedlata aosiplex) (2) 
l o t a 
(ifit«ia«dl«tt cflmpltK) « ^ HjE • HjVO^  — — 135 
wh*x« H^M* lUF aiid H^B r«psts«nt ai«l«l6» f^MrU and tpoxy* 
wecinie ««idt y«tp«etlv«ly« AtiftusiiftS ftt«ad/ ttftt* for th« 
c«ipl«x «on6tntxatioa» 
•poxldatlofi r«t« 1 • IC^  / H ^ J 
This •xplAint th« o;d«s of the xoact:.ofi with rotpoot to tH« 
unMtyratod «eid» eaUlytt and Kydzogon poroxldo* 
Tlio pH dapandoney of tha paroxyvanadata eatalyaia (Tabla 4) 
ia vary wall axplalnad by aqn.(4}. Tha atxalght lina of plot 
batwaan invaraa of apoxidation rata and invaxaa of / * H \ 7 ^^  n^ 
•fxaanant with aqn«(4}. 
Abova PH 4 ait and trana apoxyauaainia acida axa atabla but 
balow PH 4 thay ahanga inta naao and dl tartaria acid xaapaetivaly* 
24, 
Tha dl foxa xaaata with tha aatalyat whaxaaa naao foam doaa not. 
Honea in tha aaaa of fmiaria aaid» apoxidation rata waa not atudiad 
balow PH &• 
Znaraaaa in ionia aUan«th did not affaat tha rata. Tha 
faatar apoxidation rata of aitraaonia aaid aa aa«parad to that of 
1 , 2 
iMl«ie «6id and of nttaeonU acid in eenpa r^itofi to that of 
fu«axie acid undaar idantlcal conditions tliowt that tha pxatanea 
of mattiyl gxeup at tha doubla bond ia stxonfly rata anhaneing. 
Thia pointa to an alactiophilic addition which ia ganarally 
ohtaxvad in tha corxaaponding xaaction of olafinc with oxfanic 
p.t .<U. .nd in ,th.> t h n . e.»t.>.typ. *MiUo^»?'» Th. 
apoxidation xata dacxaaaad at tha pazeantaga of water in alcohol* 
water mixtura dacraasad (dialaetrie constant lowazod) but no 
linaar relation batwaan k^^^ and dialaetrie constant could be 
noticed* solvent and salt effecta described above, give an 
inaight into the nature of the transition atate of the oxygen 
transfer from the pexaeida to the double bond of the olefinic 
aubatrata* The reaulta are thua in accord with an intranoleeular* 
concerted reaction progreaaing at a rate aubjact to the nucleo-
philic reactivity of the double bond and the eipilibriam concen* 
tration of naleic or fuioaric pervanadate ester* A precedent for 
the facile formation of eaters from oxidea of transition elements 
could be found in chromic acid^ oxidation. Xn the present caae» 
hydrogen bondings by the oxygen and the hydrogen of the carboxylic 
group would atabiliie the transition state, which may be visuelixed 
aa follows. 
•7» 
1 ^ i <Lf 
H 
C 
0 0—- H 
,C -OH 0^ ^0 
MO OH 
H 
?. o 
C-' i 
0. 
H 
r 
HO 
- H 
^ 0 
OH 
°^v/* 
HO OH 
H COOH 
- ^ 
Th« two caxboxyXie groups on tho SMI* t id* of the doui7l« bond 
of for hindoconco in tKo fozwatlon of tho Intoxmodiato complex and 
this oxplalno n^ y tiio opoxidation xoto of m«lol« acid i s elovior 
thOA that of fttnaxic oeld* 
,1 Tho oiithovt oaro grotofyl to Frofottor woiiur 
ROhMA for providing xotoareh fat i l i t iot* Ono of tiio authors 
(Z»A») i t also thankful to c*S«Z«iU (Now Dolhi) for financial 
attiotanao. 
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pttudo«s«r« Ord«jr Ratt for tht spoxidatien df M«I«i« and puMrle 
Midt with Hydrogtfi p«xoicld« in th« Pr«t«ne« «f Sodium Oxthovonadato 
^MajVO^^  • 2.00xiO**M$ ^HaXole acld'\ • (pwarlc acidl • 6.00x10*^ 
TfMp. • 40^ } pHt 6.0 
^^HjO-lxlO* Maltie «cld 
(aolt r^mln'^) 
2* 00 d. 33 
2.50 d.30 
3.00 d.32 
3.90 d.34 
4.00 d«33 
pitaaxic acid 
k ^ . x 10* 
(nolo i '^BliT^) 
3.19 
3*Xd 
3. i6 
3*19 
3. i7 
plrat ordoc Dopondonet of vanadata catalysad gpoxidatlon Rata of 
Malaic and puoMxie Aslda on tho eoneofitration of Untatuxatod Aold 
l^a^al * 2-aoxio*Tii iNtjVO^"] • 2.ooxJO"lii rmfi.» 45^ PH» 6.O 
\ l i a l o i e aeid;\ xlO^ k^^^xlO^ (FuMrie a e l d ] xiO^ ——j^ 
(M) (aolo r^«lii*^) (M) (aolo TVlrr^) 
6,00 d.33 6,00 3. i8 
«.00 U.90 8.00 4.28 
10.00 14. Oi 10.00 ».10 
X2.00 16.23 12.00 6.78 
14.00 19.85 14.00 7.3» 
l.rj 
- • . 
T A g r^ S r i 
plrtt Oxd«s o*ptnd«nc« of vanadatt c«t<ilyx«d Epoxi4«tlen Rata of 
lialaie and puuaasie Asida on cataiyat C^neantxatlorn 
[HjOj] • a.SOxlO-nii \^llalaU acld'\ • \fw«a»lc ac id] • 6.00xiO*1i4 
Tanp* 40^• pH, 6. Of u • 60.0x10*^11 
[I ^ agVO^ -^  X 
2.00 
4.00 
6.00 
d.00 
10.00 
10^ Halalo aeid 
(iuola l * ^ i n ' ^ 
<j« 3 3 
id.7d 
24.01 
3 0 . 3f9 
41.02 
LA J ,^  §.::4 
runaxie aeid 
9.19 
6.30 
9.<i9 
12.40 
16.3d 
Dopondanca of Vanadato catalysad fipoxidation Rata of Malaie and 
pumarie Acida on tha pH of tna Madlutn. 
^^Ualalc acld'\-\^P«maric acid] •6.00x10*^} \NagV0^] • 2.00xl0'^ll 
l**2S^* 2.50x10*^1 Tanp.40'' 
ipoxidation Malaie aeid fu»acie aeid 
k X 10^ k 6 
(nolo 1 *«Bin *) («olo r^Min^) 
^ ^ . _w- -. .«
3.0 33t 30 
4.0 16.62 
5.0 12.d0 4«77 
6.0 6*33 3.19 
T.O 4.16 l.»9 
- J O -
T A 8 I g *^ 
0tptii4«ne« of V«n«d«tt C«t«Xys«d Spoxidation R«t« of Jtit«l«ic 
or ruR^xic Mid in Eth«fiol-w«t«r Mlxtux* en tiMi cwpotltlefi 
of th« solvont 
[^ Maloie •e ld ' ]" ^^ pwiwric •cid'\ • 6.00xi0"^l [HOJVO^^ • 2»00X10"*MJ 
VHJJOJ'\« 2 . 5 0 X 1 0 * ^ » PH, 6.0, T»«J». 40** 
% of Ethofiol 
0 
15.4 
31.3 
90.0 
Dit loetxic 
constant 
7d.3 
69.5 
60.0 
Malole o d d 
•^ob.*^^ 
(nolo r W " ^ ) 
1^32 
6.93 
5.20 
2.74 
funaxle acid 
^6 
k ^ xlO (nolo l'*^»ln*''') 
3.19 
2.76 
2.3:> 
1.0d 
The dloloctrle constant valuaa havo boon takon from A.A. Prot t 
and a.Q» Poacaon, '{Clnatica and Mochanlaa* (2nd od.)t John 
Wiloy and Son*, inc. # Now York, 1961; p. 146. 
T A» !> S-6 
Dopondoneo of vanadato Catalyzed Epoxidation Rata of Maloie and 
punarlc Acid on tht Ionic Strangth of tho Modiy». 
(Maloie acid^ • \^Fii«aric Acid^ • 6.00xl0*^l(lj ^N^jVOj - 2.00X10"'*M 
l"2®2'\* 2*80xiO* l^«» Toap. 40*i PH, 6.0 
Xonic Strength 
Y X J 0 \ 
12.0 
16.0 
30.0 
24.0 
26.0 
Maleic acid 
(nolo l*n»i«* ) 
d.33 
6.32 
i . 29 
«.34 
d.31 
Funaric acid 
'^ebax 10* 
(nolo r ^ i n * ^ ) 
3.19 
3. Id 
3.19 
2.20 
3.19 
1 /, 7 
• 1 1 . 
1 A i i » ihmiii T^iJi 
th9 Subttitucfit Eff«ct on tli« ipoxldatim of l i«l«le 
AM runarie Acid by Hyd*o9«fi p«roxi#* 
(^CitxAconU • c i d ^ « fiiiMaeonle ae ld^« 0.00x10*^Mt LN« VDJ"2 .00X10 ' '*M 
tmp. 40^1 pN» 6 ,0 
[HjO^lMlO'* 
c*o 
2.00 
2*50 
3.00 
3.30 
Citz«eenic «cid 
(mol« r*B.i«-^) 
16.^2 
jy&.n 
U6.52 
16.53 
Mataeonle acid 
(aola r^mln*^) 
6.32 
6 v ^ 
6.33 
6.32 
( 1 ~ -I 
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